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** The Construction of Loch Sloy Dam ”’ 
by 
James Stevenson, B.Sc., A.M.I.C.E. 


SYNOPSIS 


The Paper is descriptive of the Contractor’s methods, and of the problems 
encountered in construction of Sloy Dam. 

The temporary works included such items as twin 10-ton aerial cableways, a 4-cubic- 
yard batching plant, and an aggregate conveyor. 

An-earth cofferdam was used to protect the low-lying excavations, ind the flow 
from the loch was diverted along a concrete flume built through the cofferdam and 
the dam wall. 

Excavation difficulties included dealing with a major fault which was not 
anticipated. 

_ A brief description of pressure-grouting methods is given. 

_ Welding of some reinforcement was carried out by the “ Secrom ”’ process. 
_ Much of the more complicated work at the higher levels was greatly simplified by 
pre-casting units on the ground, and later hoisting these into position by means of 

the cableways. 

Steel shutters were used throughout and a brief description of these and of the 

constructional details of the buttresses is given. 

pomie general notes are added on n concreting progress. 


“Inrropucrion | 

Tue mountains to the north-west of Loch Lomond are noted for their 
, rugged splendour but perhaps more particularly, to the hydro-electric 
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engineer, for their very high rainfalls which annually reach figures well in 
excess of 100 inches. 

The Loch Sloy Power Project (described elsewhere! 2) has been 
constructed here on behalf of the North of Scotland Hydro-Electric Board, to 
utilize much of this rainfall at a high head and produce a peak-load station 
of 130 megawatts installed capacity. The project is conveniently close to 
the large power-consuming areas of Scotland to which, it is estimated, it 
will supply an average of 120 million units annually. 

To obtain the required regulation of the necessarily large flows, which 
reach 2,200 cusecs when on full load, a reservoir of 1,200 million cubic 
feet storage capacity has been created by the construction of a massive 
concrete dam at the outlet end of Loch Sloy which, when fully impounded, 
raises the loch level by 150 feet. 

The elevation of the original Loch Sloy was 783-00 O.D., it being 
impounded by a localized upthrow of rock across the otherwise steeply 
sided and shaped valley, the hills on either side rising a further 2,000 feet. 
It is on this rock upthrow that the dam is sited. 

For almost the entire period of construction, work on the site was 
greatly hampered by appalling weather. 

During the years of construction, 1947, 1948, and 1949, rainfalls of 
106 inches, 163 inches, and 153 inches respectively were recorded, giving 
a weekly average of 2-75 inches. The maximum weekly rainfall recorded 
was 11-36 inches and the maximum daily rainfall 4:10 inches. 

The site was also subjected to a cold prevailing north-west wind of 
considerable force, and severe gales occurred with disheartening frequency. 


THE PERMANENT WoRKS 


Loch Sloy Dam is of the mass-concrete buttress type, 1,200 feet long, has 
a maximum depth of about 160 feet, and contains 208,000 cubic yards of 
concrete, It consists of thirteen solid buttresses each 26 feet in width 
placed at 65-foot centres, with solid gravity-dam sections at either end 
running into the hillsides. (See Fig. J and Fig. 2, Plate 1.) The vertical 
parallel sides of the buttresses fan-out in elliptical profile in plan at the 
upstream end to form the dam wall, the upstream face of which is inclined 
at 1 in 40 to the vertical as is the plane of the major axis of the elliptical 
_ face between buttresses. The downstream face of the buttresses slopes 8 
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* “The Loch Sloy Scheme of the North of Scotland Hydro-Electric Board.” 
Engineering, vol. 170, p. 1 (7th July, 1950), p. 25 (19th July, 1950), p. 49 (21st July, 
1950), p. 97 (4th Aug., 1950). ‘ North of Scotland Hydro-Electric Schemes: The i 
Loch Sloy Project.’’’ Engineer, vol. CXC, p. 57 (21st July, 1950), p. 87 (28th July 
el p- 115 (4th Aug., 1950). ‘ Loch Sloy.”? Water Power, vol. 2, p. 185 (Sept.—Oct. i 

950). ; 


2 A. A, Fulton, “ Loch Sloy Hydro-Electric Scheme.” Chart. Civ, Eingr, Mar, i 


1951, p. 6. Also “Civil Engineering Aspects of Hydro-Electric Development in 
Scotland.” Proc, Instn Civ, Engrs, Pt. I, vol. 1, p, 248 (May 1952). | 
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horizontally to 10 vertically. (See Figs 3, Plate 1.) At 889:68 O.D. the 
vertical sides of the buttresses commence to corbel out to form circular 
barrel arches which span between buttresses. The springing of these arches 
is at right angles to the backslope. The upstream edge of the underside 
of an arch meets the buttress ““T”’- head along its elliptical downstream 
face. Above the arches the dam rises generally in a solid gravity section 
to 920:00 O.D., and thereafter with curved backslope of 32 feet 6 inches 
radius to the underside of the roadway at 940-0 O.D. 

To enhance the appearance of the structure there are pilaster blocks 
at the top of the dam at 65-foot centres. 

A roadway 11 feet wide, with surface at 941-50 O.D., is provided across 

the dam and is bounded on both sides by reinforced-concrete parapets 
_ which are corbelled out from the dam upstream and downstream faces. 

The spillway section is formed by a reinforced-concrete apron spanning 
between buttresses Nos 5 and 6, and 6 and 7, which gives this section a 
massive solid appearance although, in fact, under the apron the buttresses 
and arches are formed similarly to the others. At the top of the dam a 
bridge carries the roadway over the spillway crest, whilst at the lower 
end the spillway terminates in a curved concrete bucket submerged in a 
stilling pool. 

A 4-foot-diameter scour pipe is built into the centre buttress of the 
spillway. At the downstream end of this pipe, and clear of the dam, there 
is a control valve of the disperser-needle type which is sufficient to regulate 
the water level of the reservoir when all diversion aqueducts are shut off. 
When the aqueducts are shut off, the catchment area of the loch is reduced 
from 32 square miles to 6 square miles. To enable the needle valve to be 
inspected and maintained, an emergency guard-gate of the Glenfield tube- 
roller type is provided which operates at the dam face. In front of this 
gate there is a conctéte bellmouth and fixed screen, and downstream of 
it a transition Meehanite casting changing in section from 5 feet high 
by 4 feet wide to 4 feet diameter at the pipe. This emergency gate is élec- 
trically operated from a small gear house built over the roadway at the top 
_ of the dam, the front of the gear house being corbelled out from the dam 
_ face to allow the gate to be housed there. To keep the gate steady during © 
hoisting and lowering, cast-iron guides extend from the gate opening to 
the gear house, the dam wall being plumb over this depth on a 9-foot 
width. 

_A chamber in the gravity-dam section near the spillway records the 
spillway discharge by collecting a flow proportional to that passing over 
the spillway crest. ; 

The main intake is located on the loch bed near the middle of the dam 
-at the block designated buttress No. 9. The front of the entrance is-pro- 
tected by a fixed coarse screen of 5-inch-by-}-inch bats at 6-inch centres 
supported by heavy structural steelwork. To obtain a large effective 
_ working area the screen is in conical form between concrete wing walls. 
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Downstream of this is a finer vertical screen of 34-inch-by-}-inch bars at 
3-inch centres, 25 feet high by 20 feet wide, which can be raised to the intake 
gate house for cleaning. Behind the lifting screen the intake chamber 
gradually contracts to an opening 19 feet high by 10 feet wide at the control 
ates. 

; There are two gates, one 10 feet upstream of the other. The upstream 
gate is an emergency guard-gate of the special Glenfield tube-roller type 
which is not used in normal operation, and is kept in the intake gear house - 
at road level ; the other is the main control-gate and this is of the Stoney 
free-roller type. 

Above the intake chamber a tower constructed against the dam face 
provides access to the gates and the tunnel, acts as an air vent, and houses 
the gate guides. The intake control house at road level is corbelled out 
above the intake tower walls, and contains electrically-operated hoists for 
lifting the fine screen and operating the gates. 

Downstream of the control gates there is a transition duct, changing 
from rectangular section 19 feet high by 10 feet wide to circular section at 
a 13-foot-6-inch-diameter steel pipe. Encased in concrete, this pipe 
bends in both the horizontal and vertical planes and then extends into the 
main tunnel (see Fig. 4). The lower half of the transition section is lined 
with a heavy Meehanite casting and this and the steel pipe protect the 
concrete from the dangerously high water velocities which, when the gate 
is “‘ cracked ” open for refilling the tunnel, reach about 103 feet per second 
under the full head of 160 feet. 


THe TEMPORARY WoRKS 


(See Fig. 5 and Fig. 6, Plate 2.) 

Cableways 

Two Henderson electrically-driven aerial cableways, equipped for 
hoisting, traversing, and radial travelling, and operating independently, of 
each other, were used on the construction of the dam. The decision 
to use cableways was taken by the employers and, under the conditions of. 
the contract, the use of the cableway plant was made available to the con- 
tractor free of charge. Erection, operation, and maintenance were, how- 
ever, the responsibility of the contractor, who also bore the cost of. all 
repairs. 

The following particulars may be of interest :— 
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Fig. 5 
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Location PLAN 


The fixed head-masts were of latticed steel construction supported by 
back and side stay-ropes securely anchored into large blocks of concrete. 
Since the tail carriages were equipped for radial travelling, a swivel head 
was mounted on the top of each head-mast, to which the main cables and 
button-ropes were fitted, together with pulleys for the hoisting- and travers- 
ing-ropes. At the base, each mast was mounted on a universal joint and 
hinge pins carried on a sectional steel grillage secured to a large concrete 
foundation block. 
The radial-travelling tail-masts were sited well clear of the other end 
of the dam (fg. 7). The front and rear of the masts were each mounted 
on two ball-pivot bearings each carried on two 4-wheeled bogies running 
on 3-inch-wide steel rails. The maximum wheel load on one rail wheel 
_was 34 tons. The foundation concrete of these tracks required constant 
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maintenance, owing to the high bearing pressures from the tail carriages— 
about 180 tons of ballast in the form of concrete blocks and concrete 
block containing steel punchings as aggregate being carried on each tail 
carriage. Movement of the carriage was by electric motor geared to four 
wheels on each bogie at front and rear, These motors were controlled 
from the operators’ platform at winch houses, situated at the other side 
of the valley beside the head-masts. Power-transmission wires to the 
motors were supported from ropes which spanned from head-masts to 
tail-masts. Limit switches were fitted to the tail carriages to prevent them 
over-running at the ends of the track and colliding with one another. 

The load carriage or “ bicycle” ran on six main cable-track wheels 
mounted on compensating bogies to provide for equal weight distribution, 
and contained pulleys for the hoisting- and button-ropes, and was con- 
nected at either end to a travelling-rope for traversing the dam. On the 
run out from the head-mast, carriers for supporting the hoisting-rope were 
tripped out by the button-rope and were picked up on the return run by 
horns at the front of the carriage. 

The cableways were controlled from the operators’ platforms, The 
operators’ platforms were connected by field telephones to the loading 
and placing-bays, and all motions were controlled by three master control 
drums. The hoisting and travelling controls were arranged to give slow 
speeds, and any load could be lowered under control at varying speeds 
without the use of mechanical brakes. Overspeeding, failure of power 
supply, or returning the control handle to the “ off” position, caused the 
brakes to be applied. A simple combination of semaphore-type signals | 
allowed visual control in the event of telephone breakdown, and indeed | 
a combination of visual signals and telephoning was often employed for 
isolated lifts, to minimize telephone movement. Large windows in front | 
of the operating platform gave the driver a clear view of the dam, and, in | 
addition, a dial-type indicator mounted on the platform indicated the 
position of the load in both the horizontal and vertical planes. 

Owing to the great weight carried by the tail carriages, radial travelling 
was restricted to a speed of 25 feet per minute to limit the momentum of 
the carriages and permit instantaneous braking. Since radial travelling 
over the dam was even slower than this, in operation this movement was 
reduced to the absolute minimum, In concreting, therefore, with repeti- 
_ tion lifts, the eycle of cableway operations consisted of hoisting, traversing, 

and lowering-out a number of times without radial movement but with 
varying traversing distances until the concreting bay had been crossed, 
and then radial travelling upstream or downstream into position for the 
next concreting run across the buttress, During traversing, the loads 
were carried fairly high to reduce swinging (of the load) when stopped. 
The drivers soon became fairly skilled in handling the cableways and 
would eliminate this swing by stopping traversing momentarily just before 
the desired position was reached and moving forward again as the load was 
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about to move back from the limit of its swing. If necessary, when lowered 
to just above the bay, the skip could be pushed by hand easily and quickly 
_ over a short distance, to come exactly to the required position. In cases 
where it was desired to move the load slightly farther upstream or down- 
stream than tail-carriage travel permitted, the load could be winched, for 
example, by bulldozer, a maximum distance of 30 feet beyond a distance of 
350 feet from the head-mast. Over the first 350 feet from the head-mast 
this offset was limited to 15 feet. 

Generally, the cableways .proved to be extremely successful during 
both day- and night-shift operation. Lost time due to breakdown and 
repairs was less than 2 per cent of hours worked—major repairs being 
as follows :— 

Downstream cableway.—New travelling-rope fitted after 3,000 working 
hours, that is to say, after handling 71,000 tons ; a new button-rope after 
9,000 hours and a new hoist-rope after 5,000 hours, that is, after hand- 
ling about 100,000 tons. 

Upstream cableway.—New travelling-rope fitted after 4,800 working 
hours, that is to say, after handling about 99,000 tons; a new button-rope ~ 
after 11,000 hours and a new hoist-rope after 6,000 hours, that is, after 
handling about 120,000 tons. 

Stretch in each main suspension cable was taken up after about the first 
4,000 hours and no further tension was applied. One strand of both main 
cables failed after approximately 9,000 working hours. The free ends in 
each case were tucked under adjacent strands and brazed down. This 
was not entirely successful, however, because the ends so treated pulled out 
repeatedly until, eventually, the strand was removed along almost the 
entire length of the cable, no trouble being experienced thereafter. 

Three main types of skip, each of 4 cubic yards capacity, were used 
with the cableways. For transporting excavation material a simple 
_heavy-tray-type of skip was used, carried by a four-legged sling and 
emptied by unhooking manually two of the end ropes, hoisting and up- 
ending. For concreting in large spaces a bottom-dump-type of skip was 
used and carried when full by a six-legged wire-rope sling. Two of the 
legs were used to keep the bottom.closed and dumping carried out by 
unhooking these ropes and hoisting. For concreting in relatively confined 
‘spaces a bottom-dump skip was used with controlled discharge. This 
skip was divided into two compartments each of 2 cubic yards capacity, 
discharge from each compartment being controlled by a cross-bar lever. 


Batching Plant . 

One central batching plant of 4 cubic yards capacity was installed 
containing two Stothert & Pitt 70/54 non-tilting drum-type concrete- 
mixers. An open storage hopper at the top of the batching plant, divided 
into six separate compartments each of 20 tons capacity, contained sand 
and the various grades of coarse aggregate. Sand was lifted to this hopper 
from a stockpile nearby by a 7-ton “ Monotower ” crane fitted with a 
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14-cubic-yard grab. The coarse aggregate was fed to the hopper by a 
rising conveyor and discharged into the appropriate grading compartment 
by means of a swivel chute fitted at the conveyor head. Cement was 
supplied to a separate enclosed hopper by a bucket elevator from the 
cement shed below. 

The sand and the various grades of coarse aggregate were weighed 
cumulatively in a weighing hopper situated under the main storage hopper. 

Cement was weighed separately, in a small enclosed hopper, by a single 
steelyard connected to a precision indicator which operated over a short 
range on either side of the correct weight. Routine daily cement con- 
sumption checks were carried out to reconcile this weighing with the 
actual number of cement bags despatched from the shed to the ele- 
vator. 

Water was measured volumetrically on the control panel by a mano- 
meter scale graduated in pounds. 

After mixing, the concrete was discharged into a storage hopper, from 
which 4-cubic-yard batches were drawn off as required into a travelling 
hopper running on a standard-gauge track, and drawn by a 30-horse-power 
electric winch up a slight incline to the cableway loading bay, where the 
concrete was discharged into cableway skips through a side opening in 
the hopper just above rail level. At the commencement of concreting, 
this ]oading bay was sited in buttress No. 11 foundation, as the nature 
of the ground dictated, and extended to the extreme limits of cableway 
travel. Work on the buttress was postponed for as long as possible, but 
by July 1949 it could not be held up any longer; and since, by that time, 
buttress No. 10 was well advanced, the space between buttresses Nos 10 
and 11 was levelled out and the track moved over between these buttresses. 
It will be evident that this restricted the length of the loading bay at the 
upstream side due to the dam-wall concrete of buttress No. 10, and neces- 
sitated considerable cableway radial travel in concreting near the upstream 
face, but unfortunately this could not be avoided. 


Sand and Coarse Aggregate Supply 
The coarse aggregate, a mica-pyroxene-diorite, was used in 2}”-1}”, 
1}"-}", }’-'¢" gradings. This was quarried about 14 mile from the dam 
and transported to stockpiles near the dam site by a series of twelve belt- 
conveyors. The last of these conveyors from the quarry rose on a steel 
gantry above the stockpiles, and the stone was discharged from the belt. 
by a travelling tipper on to the appropriate bing. By the Conditions of 
Contract the employer supplied the Contractor with this stone which 
_ the Contractor purchased at this site. | 
Under the stockpiles, a concrete tunnel had previously been con-. 
structed, and stone was drawn off through feed chutes in the roof as. 
required, according to its grading, to a second belt-conveyor system which 
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carried it out of the tunnel to the batching plant. A conveyor attendant 
_ in this tunnel was in telecommunication with the batching plant. 

This series of conveyors from the stockpiles to the batching plant was 
made up of three separate belt sections, each discharging on to the next, 
and each made up of standard 9-foot lengths with inverted troughs carrying 
the idlers. The belt was 24 inches wide and troughed, and travelling at 241 
feet per minute could handle a maximum of 100 tons of aggregate per hour. 
The three conveyors on this length were driven by 20-horse-power electric 
motors and had a total length of 1,240 feet and a total vertical lift of 165 
feet. The last conveyor was built up on steel trestles and rose 103 feet to 
the batching plant at an angle of 18 degrees. The conveyors were protected 
where necessary by corrugated sheeting, bent to semi-circular section to 
prevent the belts being blown off by ever-recurring high winds. 

At the head of No. 2 conveyor a side-discharge chute was fitted from 
- which stone could be loaded to lorries if required. 

It was originally schemed to supply sand to the batching plant via 
the conveyors from a stockpile built up beside the aggregate stockpiles, and 
loading to the belt as required through the tunnel roof in the same way as 
the aggregate. This proposal was abandoned in favour of a stockpile 
situated beside the batching plant, from which sand was lifted by a Mono- 
tower crane-and-grab, thereby providing an alternative method of loading 
stone to the batcher in the event of a conveyor stoppage. Although, 
generally, the conveyors operated with little trouble, now and again break- 
downs did occur, and latterly some trouble was experienced in starting in 

cold weather with belt slip due to increased roller resistance. During these 
_ stoppages, therefore, the Monotower was invaluable in allowing concreting 
to continue. 

Again, when the Monotower was not usable, mainly during periods of 
high winds, sand was loaded to the batching plant by the conveyors. For 
this purpose an emergency stockpile was maintained at a convenient 
point beside the second conveyor section, and sand fed to the belt down a 
timber ramp, manually and by bulldozer. 

The sand was obtained from a natural deposit at Balloch at the southern 
end of Loch Lomond about 22 miles from the dam site. Those who are 
familiar with the narrow, winding and busy road along the west bank of 
Loch Lomond will appreciate the difficulties of making upwards of one 
hundred return runs daily on this road. To handle the necessary quantities 
of sand, therefore, barge transport on the Loch was employed. Two tugs 
of 60 tons displacement were used, one 120-horse-power diesel and one 
1¢0-horse-power steam, each drawing three barges and each barge con- 
taining 50 tons of sand. To ensure a quick turn-round, fifteen barges 
were available. The tugs and barges had to be transported overland to 
_ the Loch because the River Leven, the natural outlet from Loch Lomond 
which flows to the River Clyde, is not navigable over part of its length. 

At Balloch a jetty was constructed for loading the barges. At the other 
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end, at Inveruglas, about 34 miles from the dam, off-loading was by 6-ton 
derrick-and-grab to a storage hopper from which the sand was loaded to 
5-ton tipping lorries and transported to the stockpiles at the dam site. 


Cement 

Ordinary “ Portland” cement was used throughout, supplied in bags 
and stored in a shed 150 feet long by 40 feet span by 12 feet to eaves, 
having a maximum storage capacity of 1,500 tons, which provided at 
least 2 weeks requirements in storage. Access was by five roller-type 
doors on the east side through which lorries could enter. The bags were 
hand-loaded in conjunction with a gravity-roller to a flat-belted conveyor 
running at a speed of 80 feet per minute along the west side of the shed, 
and were slit open manually before falling off the end of this conveyor 
into a cement pit, the bags being retained on a grillage and removed. 
From here the cement was screw-fed to a bucket-elevator by which it was 
lifted to the storage hopper at the top of the batching plant. 


Water Supply 

A water-storage tank of 12,800 gallons capacity was installed near the 
head-masts. This was fed by a hillside stream and supplemented when 
necessary by pumping from the loch into the water main, which was laid 
from this storage tank to the other end of the dam on the downstream 
side, with branch lines (which were extended as work progressed) running 
up the buttress backslopes. This provided a constant supply of water 
under pressure for cleaning prior to, and washing off after, concreting. 
Other branch lines supplied water to the batching plant, garage, and 
office buildings. 


Workshops and Stores Building ta 

Six Nissen huts, 72 feet long by 24 feet span, were used as a garage, 
stores buildings, joiners’ shop, compressor house, electricians’ shop, and 
machine shop. 

The compressor house contained three stationary compressors of 200 
cubic feet per minute capacity each driven by a 55-horse-power electric 
motor. These were coupled to two portable compressors each of 210 
cubic feet per minute capacity, and one portable one of 125 cubic feet per 
minute situated outside the compressor house. Also in the field were two 
portable diesel compressors, one of 210 cubic feet per minute capacity 
and one of 125 cubic feet capacity, sited as required to boost the pressure 
in the air-mains. The ait-line, generally, ran beside the water-line, with 
similar branches up the back-slopes, etc., to operate scarifyers, jack- 
hammers, vibrators, and pumps, and to supply air for washing-off and 
cleaning. 
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Electrical Distribution 

Power for the dam construction, the other works, and camps of the 
scheme was provided by a temporary diesel-electric station of 3,600 
kilowatts installed capacity, constructed and operated by The North of 
Scotland Hydro-Electric Board at Inveruglas. Distribution to the various 
sites was by overhead 11,000-volt line. At the dam this was led by the 
Contractor halfway round the site, skirting the cableway winch-house and 
back anchor, and terminating at the front of the intake. 

Four transformers, stepping the voltage down to 440 volts, were in- 
stalled ; one of 500 kilowatts beside the employer’s terminal pole for power 
_ to Monotower, batching plant, conveyors, machine shop, and lighting, etc., 
two of 400 kilowatts (one beside each cableway winch-house for cableway 
operation, including power for tail-carriage travelling); and one of 350 
kilowatts at the front of the intake for power to 10-ton and 7-ton derricks 
at the front of the dam. 

The site was suitably floodlit for night-shift work. Lighting cables 
taken up the buttress backslopes permitted the use of floodlights at 
_ working level. 

Field telephone cables also were extended up the buttress backslopes 
as work progressed so that lighting, field telephone, water and air services 
were always available on each buttress at working level, 


Camp and Access Road to the Site of the Dam 
_ These were built under separate contracts before the construction of 
the dam was begun. 


CoFfrrERDAM AND Diversion oF Locnw OUTLET 


Formation of an earth cofferdam was commenced early in 1947 by bull- 
dozing overburden forward into the loch from foundations Nos 7, 8, and 9. 
As excavation progressed this cofferdam was extended to protect the 
foundations in the depression between buttresses Nos 4 and 9, using 
_ material removed from the excavations. (ig. 8.) 

For by-passing the water flowing from Loch Sloy during the con- 
struction of the dam, a temporary opening was left through the dam wall 
between buttresses Nos 7 and 8 and a concrete flume constructed. The 
Uglas water, the natural outlet from the loch, was allowed to continue 
flowing until the early summer of 1948 by which time the diversion flume 
had been concreted. This flume extended upstream and downstream well 
clear of the excavations and almost through the cofferdam, On its com- 
pletion, the small remaining portions of cofferdam blocking the ends were 
_ cleared away and the Uglas water diverted by bulldozing specially prepared 

and selected material across the stream on both the upstream and down- 
stream sides, thus completing the cofferdam, 


e, 
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Figs 9 (a) 
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Figs 9 (b) 


Concrete lintel placed 
before filling slot 
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A certain amount of leakage did unfortunately occur through the 
upstream section of cofferdam here, and this was somewhat troublesome 
when excavating the deeper parts of the cut-off trench for buttress No. 6. 
To deal with this, sheet-piles were driven along the stretch of cofferdam 
through which the leakage was occurring and then a deep sump was 
excavated behind this curtain to intercept and collect the flow still passing. 
Pumping was carried out continuously here and in a second sump in the 
cut-off trench of contraction slot No. 5/6, until the cut-off and foundations 
of buttresses Nos 5 and 6 were concreted. 

The temporary opening is illustrated in Frags 9 (a) and (6), from which it 
will be seen that above the flume the buttresses corbelled back to normal 
contraction slot dimensions. (Contraction slots were left between but- 
tresses. They were 6 feet wide at the front and tapered to 4 feet wide at the 
rear and were left open until the bulk of buttress concrete contraction had 
taken place.) The reinforced-concrete lintel above the opening here was 
not concreted until just prior to filling the contraction slot. It will be 
seen that grooves for a stop-log gate were formed in the walls of the 
flume upstream of the opening; and a channel across the flume invert just 
downstream of the gate position drained to a 9-inch cast-iron pipe em- 
bedded in the flume base, and allowed leakage water from the stoplog gate 
to run-off, so preventing any build-up of water pressure on the newly- 
placed concrete when plugging the opening. This pipe was grouted on 
completion. 

By February 1950, work on the dam and the rest of the scheme had 
progressed sufficiently to allow impounding to commence. This first stage 


level and 95 feet below the permanent spillway crest. At this 840-00 O.D. 
level an emergency spillway was left in contraction slot No. 7/8 above 
the diversion channel, to deal with any possible sudden rise in the loch, 
and a concrete apron was also formed at the sides of the diversion channel 
below to prevent scouring by water falling from the emergency spillway. 

Concreting of the temporary opening was carried out in two stages. 
A wall, 4 feet thick, was first placed in one 12-foot-high lift across the 
upstream portion of the opening and then later the downstream portion 
was concreted in 5-foot-high lifts, the 9-inch sluice valve on the cast-iron 
Pipe not being closed till after the second of these 5-foot lifts had been 
_ placed. 

The stop-log gate was designed to withstand the full head to the emer- 
gency spillway, to ensure that water pressure would not be transmitted to 
the newly-placed concrete of the plug because of failure of the gate. The 


gate, which consisted of 12-inch-by+12-inch timbers bolted together, was — 


supported at one-third span by two vertical R.S.Js. The upstream face 
of the first stage wall was shuttered clear of these R.8.Js. Timber shutter- 
ing was used and on the upstream side this was naturally concreted in. At 
regular intervals 2-inch-diameter steel pipes were left pointing into the key- 


flooding was to 840-00 O.D., which is 60-00 feet above the original loch 
1 
| 


. 
| 


| 
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checks on the roof of the opening and through these pressure grouting was 
subsequently carried out. 

The whole of the first-stage operation was completed in a few hours. 
During this time a D.8 bulldozer levelled down the final strip of cofferdam 
in front of the intake, blocked the upstream end of the diversion flume 
with earth from the cofferdam and travelled out to the downstream side 
of the dam through the diversion channel. The R.S.J. bearers for the 
stoplog gate were then erected and the stoplog gate lowered into position 
by the cableway. The prefabricated timber shutters were then set up, 
the necessary reinforcements placed, and concreting carried out to the full 
height of the opening. 

Later, in July 1950, the emergency spillway slot at 840-00 O.D. was 
concreted, and impounding carried out to 893-00 0.D. A similar emergency 
spillway had been left at this level in contraction slot No. 7/8 and this was 

_left open until the remainder of the permanent works had been completed 
to top water level. 


EXCAVATION 


About 36,000 cubic yards of peat and sandy loam material overlying 
rock, and about 56,000 cubic yards of rock were excavated for the dam 
foundations and cut-off trench. The rock was a mica schist throughout 
and although heavily fissured and badly weathered in places, especially 
near the surface, and with one major fault at the course of an old waterfall 
and stream bed at foundations Nos 15, 16, and 17, the soundness of the 
rock generally improved fairly rapidly with depth of excavation to a hard 
blue mica schist which forms a satisfactory foundation for the dam. The 
bottom of the cut-off assumed from the original foundation investigation 
borings and the actual bottom cut-off levels reached are shown in Fig. 10. 

The material overlying rock in the foundations was excavated in open 
cut with side slopes cut back to an approximate 1 : 1 batter. 
Generally, excavation was carried out by D.8 bulldozer, Lorain 14-cubic- 
yard dragline, 24 R.B. face shovel, and 2/10 Smith excavator, loading to 
tippers and dumpers, cableway and derrick-trays, as best suited the par- 
ticular foundation. Much of the rock excavation had to be loaded to 
skips manually owing to the difficulty of moving mechanical excavators 
in the latter stages of the work, and of course all the final trimming was 
by hand. (fg. 11, facing p. 179.) 

- Initially three derrick-cranes were erected on rails, one 10-ton at the 
intake, a 7-ton on the cofferdam, and a second 7-ton at foundation No. 15. 

By March 1948, when the temporary works had been constructed, and 
were ready for mass-concreting in large quantities, the bulk of the excava- 
tion had been carried out from foundations Nos 7 to 14. 

In foundations Nos 10, 11, and 12, however, final cleaning and wash- 
ing down later revealed some fairly extensive fissures and sand seams 
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which had to be followed down and cleaned out. Similar fissures were 
discovered in many of the other foundations later, and in most instances 
were not apparent until final clearing of the rock had been carried out. As 
all these fissures had to be cleared out by hand it was a lengthy operation, 
especially when this cleaning out would reveal more and more fissured 
rock which, of course, was all removed before concreting could commence. 
Such fissures naturally caused considerable delays to concreting. 

At foundation-No. 15 excavation proceeded intermittently by hand 
(according to the labour available) in a small area at the downstream 
side of the foundations to locate the bedrock. Some fairly sound rock 

was encountered and sealed by a lift of concrete in December 1947, at 
level 808-00 O.D. Upstream of this it was apparent that the rock dipped 
to considerably lower levels and that, in fact, a major fault existed here ; 

and so it was decided to postpone further excavation until diamond drill 
boring investigations had been carried-out. Six bores were driven and 
these indicated that sound rock for a suitable cut-off would not be reached 
till at least 780-00 O.D. It was decided, therefore, to excavate over the 
entire area between buttresses Nos 15 and 16, removing the material 
between buttresses as well as the material in the normal foundations, and 
then concrete to ground level over this area between the sound rock 
which existed on either side of foundations Nos 15 and 16, but founding 
on a poorer quality of rock between these limits than would normally 
have sufficed. 

In all about 26,000 cubic yards of excavation was carried out here, 
mainly during the summer months of 1948, by Smith 2/10 excavator and 
Lorain 1} cubic yard dragline, and by October 1948 concreting had com- ~ 
menced in the downstream part of the excavation. At this stage it was 

decided to allow concreting to continue forward over the upstream area of 
the foundation above the cut-off, before the cut-off excavation had been 
carried out, and to excavate later in tunnel for this cut-off by driving a 
heading from a shaft in the contraction slot No. 15/16. This enabled 
concreting to commence considerably sooner than would otherwise have 
been possible, especially as heavy timbering or trimming of the front slope 
to ground level would have been necessary for the cut-ofitrench excavation. 

The bottom of this cut-off was at level 763-00 O.D. which was 75 feet 
- below original ground level. : 

A 10-ton derrick was erected in March 1949, immediately downstream 
of buttress No. 16, to cover the zone not commanded by the cableways. 
This did much useful work removing spoil, and concreting the awkward 
foundations in this area. 

‘In the spring of 1949, a heading was driven from the bottom of the 
shaft, at level 773-00 O.D., under the region of foundation No. 16 cut-off, 
to investigate the rock at this level. This was very heavily fissured for 

30 feet and when it improved in quality the heading was stopped at 
54 feet. Excavation of the fissured rock was then carried out from the 


13 
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surface to this tunnel, and concreting carried out in the usual way after 
concreting the portion of the tunnel remaining in sound rock. 
On the cut-off trench of foundation No. 17 an old waterfall pot-hole 


was unearthed and cleared of sand and pebbles to its bottom at 771-00 — 


O.D. (85 feet below original ground level), where sound rock was en- 
countered. (Fig. 12.) 

At the hillsides, generally, excavation was carried out for the lower 
foundation in the first instance and the next higher foundation not com- 
menced until the previous buttress was concreted to a sufficiently high 
level, spoil from the higher foundation being disposed of against the next 
lower buttress. 

A heavily fissured and badly weathered seam of rock running across the 
downstream portion of foundations Nos 1 and 2, which obviously would 
have required major excavation to clear out entirely, was discovered 
early in 1950. Owing to the high level of these foundations it was decided 
to avoid major excavation here and merely concrete solidly against the 
whole area of the rock on the downstream face of the excavation, 
commencing the normal back slope at ground level. This fissure joined 
another large sand-filled fissure at foundation No. 1A on the normal 
cut-off trench and then ran into a large mass of soft material to the 
west. Investigations were carried out by rock-drilling and trial-pits to 
determine the most suitable route for an end cut-off. From the informa- 
tion gained, a shaft was sunk 55 feet downstream from foundation No. 1A 


on a line at 45 degrees to the dam axis, with the intention of driving a — 


heading along the sand seam on this line to the dam concrete; but rock 
here proved to be more heavily fissured and badly weathered than was 


anticipated, so a complete cut-off trench was excavated from the shaft to 


the concrete of foundation No. 1A, penetrating all this fissured rock, and 
completely cutting the sand seam. A heading was driven through some 
poor rock on the other side of the shaft to complete the seal. 


PRESSURE GROUTING THE FouNDATIONS 


Pressure grouting was carried out along the line of the cut-off trench 
to ensure a complete seal to the passage of water. This was done after 
the buttresses were about two-thirds completed, by injecting grout through 

holes spaced at approximately 7-foot-6-inch centres and less in fissured 
rock. These holes were first grouted to depths of 60 feet and 30 feet 
alternately. In cases where grout was taken readily the depth was 
increased first in the 30-foot holes and then, if required, in the 60-foot 
holes, Thus the greatest depth drilled was 120 feet in the poorer quality 
rock, and the least 30 feet in sound rock. For some time, grouting 
holes through the cut-off trench concrete were formed using 4-inch- 
diameter steel pipes as cores, which were pulled up as concreting pro- 
gressed. Forming grout-holes through concrete in this way was, however, 
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later abandoned and the holes drilled in the normal way through the 
concrete, because it was found difficult to continue the pipe alignment 
precisely through successive concrete lifts, difficult to extract the pipes, 
and in addition the pipes and their supports caused an obstruction and 
consequent delay to concreting; moreover if a pipe was accidentally 
slightly displaced when concreting the hole was rendered useless. 

Generally, at fissures, numerous 4-inch-diameter and 2-inch-diameter- 
mild-steel pipes were concreted into the fissure and pressure grouting later 
carried out through the 2-inch pipes, and rock drilling and subsequent 
grouting carried out through the 4-inch pipes. 

The grouting procedure was as follows. When the buttresses were 
about two-thirds completed the first 20 feet of rock was drilled and then 
grouting commenced using a thin mix of about 20 per cent cement, 80 
per cent water, designed to travel as far as possible into the rock cracks 
and fissures. A build-up of pressure would indicate that the grouting was 
being successful and would be stopped some time after the pressure had 
reached 1} to 2 times the static-water pressure of the dam. If the pressure, 
however, did not begin to build up, say, after 1 ton was injected without 
diminution of rate, the mix would be gradually thickened. 

After the initial grouting the holes were flushed out and then tested 
after 24 hours, and if the test was successful, drilling was then carried out 
for a further 10 feet, and the whole procedure repeated to such a depth 
that no further grout could be injected. 

The normal hydraulic-pressure test was not used as this gives no 
indication of water lost in the test. An air test was substituted. Air 
pressure from the air main at 100 lb. per square inch was applied for 
20 minutes to a stand-pipe sealed into the hole, and if after that time 
the water level had fallen more than 6 inches in a 4-inch-diameter pipe or 
2 feet in a 2-inch-diameter pipe, the test was not considered successful and 
the hole would be reinjected and the cycle of operations repeated until 
the test was passed. 

Altogether 16,000 linear feet of drilling was entailed and 460 tons of 
cement injected as grout. This drilling and grouting was carried out 
under sub-contract. 


CoNCRETE 


Five main classes of concrete were used in the permanent work and 
were designated according to the cement content of the mix and the 
maximum-size grading of the coarse aggregate. The mixes were specified 
as 3, 4, 5, 6 and 7 ewt of cement each to 12 cubic feet of dry sand and 
90 cubic feet of crushed stone, but after tests the proportions were adjusted 
to approximately 3}, 4, 5, 6 and 7 cwt of cement to 10-2 cubic feet of dry 

sand and 22 cubic feet of stone. oe 
-_-The second figure in the mix designation denoted the maximum size 
of the coarse aggregate, thus a 4/24 mix was one specified as 4 cwt of 


ww 
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cement to 12 cubic feet of sand to 20 cubic feet of stone and with 24-inch 
maximum stone grading; and a 5/1} mix was one specified as 5 ewt of 
cement to 12 cubic feet of sand up to 20 cubic feet of stone, but with 
14-inch maximum stone grading. In all large mass-concrete sections 
34/24 was used ; 4/24 and 4/1} in smaller mass-concrete sections requiring 
slightly greater strength, for example, in retaining-walls and surrounding 
the 13-foot-6-inch-diameter steel pipe; 5/24 in the upstream face of the 
dam (for a thickness of 2 feet 6 inches), in the cut-off trench and in founda- 
tion concrete placed against rock surfaces; 5/1} in reinforced parts of 
fairly large section such as the intake tower; 6/} in reinforced roof 
slabs, bridge piers, etc., and 7/2 in heavily-reinforced pre-cast beam units. 

At the commencement of concreting, workability of the mixes was 
poor, mainly due to the flaky nature of the grano-pyroxene-diorite 
aggregate and a coarse sand grading. This was greatly improved by 
increasing the percentage of fines in the sand to about 31 per cent passing 
B.S. sieve No. 52, and increasing the proportion of coarse aggregate to a 
mix of about 10:2 cubic feet of dry sand to 22-0 cubic feet of stone. 
Figs 13 (a) and (b) show typical sand and coarse aggregate grading 
curves. 

All mixes, when placed, were vibrated by air-operated “ Poker” im- 
mersion-type vibrators. 

Table 1 shows the 2-cubic-yard-batch proportions as weighed-out in 
the batching plant, the average slump, and the specified and actual 
strengths obtained, etc.. 

Generally two works test cubes were made from each of the mixes used 
during each day. One of these was crushed at 7 days and one at 28 days, 
when the concrete was required to show an increase in strength of 50 per 
cent over the minimum specified compressive strength at 7 days, and also an 
increased strength over that shown by the cube tested at 7 days. The 
concrete-testing was carried out at a laboratory on the site. With 24-inch 
maximum size aggregate, 8-inch test cubes were used, and with ?-inch 
and 14-inch maximum aggregate, 6-inch test cubes were used. 

During the period of concreting there were two serious 7-day-cube 
failures ; one in September 1948 gave only 750 lb. per square inch, and 
another taken during the following month gave only 900 lb. per square 
inch. In each case cubes were immediately cut from the lifts concreted 
with these pours and, at 14 days, crushed at 2,500 lb. per square inch and 
2,400 lb. per square inch, respectively. The original 28-day test cubes 
crushed at 1,340 and 2,030 lb. per square inch. 

These cube failures were attributed to faulty curing, the cubes having 
been left exposed in the open and consequently under very different 
internal temperatures from the mass-concrete of the dam. After this, 
test cubes were cured thermostatically and no further failures resulted. 3 
: ech 14 show a typical time-temperature graph in the middle of a 

uttress. 
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PERCENTAGE PASSING 
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No concreting of the permanent works was carried out when the tem- 
perature of the atmosphere or the material was lower than 38° F. on a 
falling thermometer or 34° F. on a rising thermometer, apart from some 

Figs 13 
(a) 


B.S. SIEVE SIZES 
TYPICAL COMBINED AGGREGATE GRADING CURVE 


() 


PERCENTAGE PASSING 


B.S. SIEVE SIZES 
Note.- Sand merchant requested to supply 30% passing 
B.S. sieve No.52 and remainder within specified limits 


° 


SAND GRADING CURVES 


mass pre-cast concrete units which were concreted using heated water. 


_For this a boiler was erected beside the batching plant and the heated 


water discharged into the gauging tank. Heated water was also used 


when concreting near the specified lower-temperature limits. 
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All concreting was carried out in the dry. Before depositing against 
rock or concrete surfaces the surfaces were thoroughly washed, wetted, 
and coated with a layer of stiff neat-cement grout, the grout being 
deposited immediately in front of the main mass of concrete. 

A few hours after concreting, all laitance was washed from the top of 
the lift by a powerful air-and-water jet and all key-moulds removed. 
After this washing had been carried out no further work, such as picking 
or scabbling the surface, was required ; all that was required was a second 
washing just before placing the next lift of concrete. All vertical joints 
between concrete bays were scabbled using a small rotary air-operated 
scarifying tool with rip-bits. 

Although the use of plums up to a maximum size of 4 tons would 
have been permitted in the mass-concrete, they were not used because 
this would have interrupted the concreting procedure. Also, such plums 
would have interfered with the movement of the shutter cranes. 

The dam face below level 882-00 O.D. and other concrete surfaces at 
the intake and in the intake tower which will be in contact with water 
under pressure were painted with ‘‘ Bowranite ” shortly before impounding. 


Pre-cast Work 
General Details 

During 1949, it became increasingly obvious with the continuous 
extremely adverse weather and the acute skilled-labour shortage that 
complicated shuttering at the higher levels would be unwarrantably slow, 
resulting in a considerable slowing-up of concreting. There was also the 
question of the arches between buttresses, which had been designed as 
Voussoir block arches, each arch containing eighty-one Voussoir blocks, 
each of which would require to be cast on the ground and lifted into 
position, temporarily supported on centering. Complete designs were 
evolved for this centering in structural steelwork and also a scheme to 
use the centering later to support the spillway apron shuttering, which 
presented another problem. 

It was realized, however, that large-scale pre-casting of units weighing 
up to the maximum cableway capacity of 10 tons was the answer to these 
_ various problems, allowing this difficult work to be carried-out at ground 
level under more sheltered conditions and by semi-skilled labour before 
being built into the dam. 

Altogether the following units were pre-cast :— 

_1. Arch rings.—Each arch span between buttresses was formed by 
thirteen pre-cast reinforced-concrete arch rings 13 inches thick 
by 2 feet 6 inches deep, spanning 36 feet 4 inches, with ?-inch 
clearance between rings which was pointed after placing. 
The first 16 inches of the span on each side was taken up by 
abutments which corbelled out from the sides of the buttresses 
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and sloped at right angles to the buttress backslope. This 
corbel was cast in situ with the buttress concrete in a special 
shutter. 
The arch rings each weighed 10-2 tons and contained 5-1 ewt 
of reinforcement. 

2. Spillway beams (see Figs 15, Plate 2, and Fig. 16).—The 39-foot 
clear span of the spillway apron was formed by L-shaped 
beams 47 feet long which, with 38-inch clearance at either end 
from the spillway guide-walls, allowed 3 feet 3 inches bearing at 
one side and 4 feet 9 inches at the other. 14-inch-diameter 
dowel bars embedded in each of the buttresses here were 
bonded to the beams by in-situ concrete poured into recesses — 
provided at the beam ends, as shown in Figs 15, Plate 2. A 
;?s-inch clearance was provided between beams to ensure that 
no load would be transmitted from one beam to the beam 
below except at the buttresses. This space was wedge-shaped 
and expanded-metal reinforcement was placed between beams — 
when pointing on completion. 
Each beam was cast with a camber of 1 inch in the plane of 
the spillway and } inch in the plane at right angles to this. 
The spillway beams each weighed 10-3 tons and contained 12 
ewt of reinforcement. 

3. Pilaster blocks—The standard pilasters were pre-cast in six 
large mass-concrete blocks. The most labour-saving of these 
blocks were the first one, which corbelled out from the up- 
stream and downstream faces, and the top block, which, being 
narrower and shuttered on all four sides, required more 
shuttering per cubic yard. The lower blocks weighed about 
9 tons each and the top block 54 tons. 

4. Parapet wall_—The parapets are 10 inches thick and 3 feet 6 inches 
high above road surface, and at 18 inches below the road 
surface corbel 10 inches so that the inside face of the parapet 
is plumb above the face of the dam on both the upstream and 
downstream sides. This corbel would have complicated the 
in-situ casting of the parapets, which would have involved 
much shuttering at the top of the dam for a small quantity 
of concrete. 
Sections as shown in Figs 17 were pre-cast in lengths of about — 
18 feet. They were supported when placed, by soldiers and by | 
bolting the base-nibs to the dam concrete until the final 18 
inches of roadway concrete had been poured and the nibs and 
projecting steel concreted into the roadway. At the pilaster 
ends the parapets had a projecting key which fitted into a 
recess on the side of the top pilaster block. Gaps 18 inches 
wide were left between one parapet section and the next and 
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reinforcement was left projecting from the parapets into these 
gaps. These gaps were concreted in situ, using a special steel 
shutter clamped to the parapet. 
The parapet sections as pre-cast weighed 7-2 tons and con- 
tained 3 cwt of reinforcement. 
Because of the lack of suitable casting and storage space, and 
the many other commitments for the labour available on the 
site, it was decided to have the parapet sections cast off-site. 
This was done by a well-known pre-casting firm near Glasgow 
and the units were transported to the site by lorry. 
All the other sections, however, were pre-cast at the dam site. 
5. Spillway bridges—The main girders were pre-cast as shown in 
Figs 18. These had dowel bars left projecting to tie the in-situ 
placed deck-concrete to the girders. aq 
The deck-concrete was poured on “inverted T ”-shaped re- 
inforced-concrete’ crossbeams which were also pre-cast and 
which, spanning between girders, formed a permanent shutter- 
ing. The pre-cast girders weighed 9} tons and contained 
14 cwt of reinforcement. 


The Pre-casting Yard (see Fig. 19, facing p. 192) 

The area behind the cement-shed was levelled out by bulldozer to 
form a space for the pre-casting yard, and the 10-ton derrick-crane was 
removed from the front of the intake during August 1949, when the intake 
had passed out of its reach, and erected at the pre-casting yard. 

From here, a standard-gauge rail track was laid on a slight incline 
to a point within the cableway-reach between buttresses Nos 9 and 10. 
A winch was installed at the pre-casting yard end of the track and a 
carriage of two bogies was used to transfer the pre-cast units to the cable- 
ways. In the case of the arch rings a special articulated platform, fabri- 
cated on site, was used to support the rings and restrict bending stresses 
during transit. 

Arch rings were stacked six deep and were each separated by six con- 
crete blocks which had to be accurately set to level before placing the next 
ring, since the rings had little bending strength when lying flat just after 
lifting from the casting base. 

The spillway beams were too unstable to be stacked more than two deep. 
The pilaster blocks were easily stacked one on top of the other and, since 
they were lighter than both the arch rings and the spillway beams, they 
could be cast and stacked at a greater radius from the 10-ton crane, and in 
any case were easily handled and transported to other stacking places if. 
required. ; 

In November 1949, a subsidiary spillway-beam casting-yard was 
established in the space between buttresses Nos 8 and 9. The beams 
cast here were stored between other buttresses. ; 
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Moulds and Casting Bases : 

Casting was carried out in steel-sided moulds which bolted to specially 
prepared concrete bases. The bases were poured within the moulds and 
finished with a smooth surface which was kept well greased and oiled. 


Figs 18 


This parapet section 
concreted in situ 


Scale- 4 inch = | foot 


Pre-cast 
cross-beam 


4 SECTION AA 
¥ SprLLwAay BRIDGES 


The mould sides thus overlapped the concrete bases, to which they were 
held tight by bolts which passed from side to side through steel pipes 
- embedded in the base concrete. The tops of the moulds were tied by flat 


_ tie-bars above the level of the casting. 
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In general, four beds were laid for each set of shutters; thus, if a 
shutter was used every second day (this was normal practice), by the time 
the fourth casting was made the first had sufficient strength to be lif 
from the casting to the stacking base. 

In the case of the spillway beams, the steel moulds formed only part 
of the shuttering and served to hold in position timber boxes which formed 
any departures from rectangular section. These timber insertion piece 
were much more difficult to strip than the steel and received a good deal 
of rough handling and damage. As they could not be stripped until the 
beams were lifted for stacking (when about 7 days old), four sets of boxes 
were required for each set of steel moulds. 

The arch rings and beams lay at least 6 days on the casting bases 
before being lifted in normal weather and at least 7 days in cold weather. 
On the stacking bases they were then left to mature for 28 days befor 
being further handled for placing. 


Lifting and Placing 

The arch rings were lifted after either 6 or 7 days by a triangular 
latticed strongback, which gave a vertical lift to three T-pieces which lay 
under the ring and flush with the casting-bed surface. 

After 28 days they could be lifted by a three-legged wire-rope sling 
attached to lifting bridles held to the rings by 14-inch-diameter steel pins. 
An additional shorter leg was attached to this sling which, when fixed to 
the bridle at the crown, held the ring at the required slope for placing on 
the dam. The other longer leg attached at the crown lifted the ring 

_ horizontally. 

The rings were transported from the blockyard in a horizontal position 
and lifted off the transfer carriage by the cableway. About 10 feet from 
the ground the centre bridle was attached to a hook fixed in the side o 
the adjacent buttress and the ring lowered slowly, so that the two ends 
fell and the centre leg slacked off until the shorter, centre leg could be fixed 
to the centre bridle. With the ring thus held at the correct angle it was 
lifted a little and the bridle released from the hook on the buttress; the 
ring was then hoisted up to be placed in position. (See Figs 20 to 24 

- inclusive, between pp. 192 and 193.) ; : 

The spillway beams were lifted from the casting bases by a long two- 
legged wire-rope sling, the ropes passing under the beams through holes 
left in the casting bases. Timber packing prevented the concrete surfaces 
from being damaged. For subsequent lifting at 28 days, for placing in 
position, the beams were lifted by a sling attached to two eyebolts which 
passed through holes in the beam. These holes were inclined along the 
beam to align with the angle of the sling legs and across the beam to ensure 
that when lifted the beam lay at the correct slope for placing. _ 

The pilaster blocks were lifted by a lifting ring attached to the blocks 
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by three eyebolts screwed into nuts embedded 18 inches in the concrete 
from the top of the block. 

The bridge girders were handled merely by casting two steel hoops 
into the top of the units in the vertical plane of the C.G. 

The parapets were hoisted into position on the dam by a four-legged 
sling attached to the casting by a steel bar which passed through holes 
provided in the base. 

The cableway proved to be invaluable in placing these various pre-cast 
sections quickly and accurately. By taking most of the weight of the units 
on the cableway they could be pushed and crowbarred, without much 
difficulty, into their precise positions. 

Altogether 174 arch rings, 148 spillway beams, and 152 pilaster blocks 
along with the 8 bridge girders and the cross beams were pre-cast on 
site. Casting commenced during August 1949, and by the end of October 
of the same year, the first arch span (No. 8/9) was erected in position. 
By Easter Day 1950, all the units had been pre-cast. Almost all the parapet 
sections were placed in position on the dam in 2 weeks, 

In all, 3,140 cubic yards cf concrete was pre-cast. 


WELDING oF REINFORCEMENT 


_ Most of the reinforcement for the pre-cast units had to be found from 
steel already on site, which had been ordered and delivered in the requisite 
lengths for the in-situ cast sections. Some of this had already been 
bent so it was decided that, to utilize as much as possible, these various 
lengths should be welded to suit the new pre-cast sections. As some of 
the pre-cast units were very heavily reinforced, with little room for bar 
laps, this welding greatly simplified the re-shaping of the steel and saved 
much time in building it up into the various frames which were, of course, 
merely lifted by crane into the pre-casting moulds when required. 

The Secrom process was chosen for the welding because it requires no 
elaborate preparation of the bar ends, no special adjunct to form weld- 
reinforcement, and does not require rotation of the bars during welding. 
The bars to be welded are held together in a special copper mould, in strict" 
alignment end-to-end by means of cotter pins, and welded. Welding was 
by direct current, 14-inch-diameter bar welds taking 12 minutes to com- 
plete, and 3-inch-diameter bars 7 to 8 minutes. This process has been 
fully described in an earlier Paper.1 


_ Construction Dretaits Inctupinc NotEes ON SHUTTERING 


After the cut-off trench and foundation concrete had been poured, 
concreting of the buttress above commenced. To allow longitudinal con- 
traction to take place along the dam wall, contraction slots were provided 


1 B. J. Buckton and J. Cuerel, ‘‘ The New Waterloo Bridge.’’ J. Instn Civ. Engrs, : 
vol. 20, p. 145 (June 1943), Figs 17, p. 162. r. 
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between buttress sections as already mentioned, and to deal with lateral 
contraction the upstream section of a buttress was concreted 1 month 
ahead of the corresponding downstream section. A transverse joint, 
dividing the buttresses into these sections, took the form of vertical steps 
rising 3 in 1, in 3-foot-8-inch steps, to meet the furthest upstream point 
on the arch springing at 889-68 O.D. To this level, the upstream portions 
of buttresses between contraction slots were concreted without 
complication. 
Rigid conventional-type steel shutters with soldiers, as shown in Figs 
25, Plate 2, were used. A 4-foot depth was adopted for these shutters 
which, with a 4-inch overlap on the bottom concrete, gave a standard 
3-foot-8-inch lift. Special steel elliptical shutters were provided for the 
elliptical section made up in two 11-foot-8-inch lengths. 
To allow the contraction slot and buttress side-shutters to bolt flush 
with these elliptical shutters, which were rising on a 40 in 1 batter, the 
top of the upstream section lifts were constructed rising towards the down- 
stream side at right angles to this, that is to say, at 1 in 40. 
A stout steel “lip”? was provided bolted to the top of all shutters to 
give a clean joint-line. Care was taken to have all joint-lines continuous 
and uniform throughout, and consequently all lifts were set up accurately 
to level. This was important also to ensure that level 889-68 O.D., where 
the form of construction changed, would be at the top of a lift, also to 
ensure correct lift levels at the underside of pilaster blocks, bearing in 
mind that although upward adjustment to the extent of about 3 inches 
per lift was possible, there was very little downward adjustment, since 
the shutters were set up sitting on the “ staff ” bolts. 
The former-bolts, leaving 1-inch-diameter nuts in the concrete for the 
“staff” bolts, were tapered from 1}-inch-diameter to 1}-inch-diame 
and were held level and in position by a “ keep ” attached to the soldiers 
Being well greased, no ferrules were required. The “ staff” bolts wer 
l-inch-diameter and, with a welded collar and cranked end, could b 
tightened without a spanner. 4-inch-square plate-washers were used. 
Steel-framed cradles were hooked to the top of, and suspended over th 
outside of, the shutters to allow access for removing and re-fixing “ staff ” 
bolts, and for aligning the shutters, adjustment being obtained from 
timber wedges at the lower end of the soldiers. 
The following cranes were used for shutter lifting— 


One Jones K.L.44, capacity 13 ton at 14 feet radius 
One Jones Super 40, » 93 tons at 9 pate 
Five Jones Super 22, »  2tons at8 aa 
Two Neals l-ton 


These cranes were lifted from buttress to buttress by the cableways 
as required. Now and again, to speed shutter-lifting, two cranes would b 
sited side by side on a buttress and a whole side of shutters lifted in one 
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section. The weight of standard shutters with soldiers attached worked 
out at about 14 cwt per foot-run. There was a maximum of eight 
shutter-lifting gangs, each provided with a portable crane and consisting 
of three men and a crane driver. 

To return to buttress construction details: the downstream sections 
followed the upstream but lagging behind corresponding lifts by at least 
28 days. For structural reasons, the top of these downstream lifts was 
formed sloping at 1 in 6 rising towards the rear. The portable cranes could 
just negotiate this slope under their own power. There was no complica- 
tion from here to 889-68 O.D., although it may be of interest to mention that 
the backslope shutters were set to the correct batter by the shutter gang, 
using a steel template with plumb-bob attachment. The tops of the shutters 
were then checked by instrument and any slight adjustment necessary 
carried out before concreting. The back-slope shutters were similar to the 
standard vertical shutters, but naturally deeper. 

At the upstream section, above 889-68 O.D., a seating had to be formed 
to support the upstream side of the first arch ring and this was produced 
by inserting timber shutters (set up parallel to the backslope) against the 
elliptical shutters which were still used until their area had been com- 
pletely blanked-off by the timber inserts. The true shape of the edge 
thus left was semi-circular, matching the semi-circular barrel arches. 

The stepped transverse joint was continued, now rising 10 in 8, between 
these arch seatings and extended over the centre 18 feet of the buttress 
for the first three lifts, and then stepped out and extended over a 31-foot 
width to 907-49 O.D. 

_ The downstream section above 889-68 O.D. incorporated the arch 
springing. The corbels which formed abutments for the arch rings 
were constructed by timber shutters with steel stiffeners set on top of the 
standard side shutters and on a special side shutter, all these shutters 
being left in position until the arch corbels had been completed. Figs 26, 
Plate 3, clarify this. 

For the first corbelled lift, shutters B, and C were set up, B, being 
adequately tied across the top from side-to-side and back to the trans- 
verse joint, and for the next and subsequent corbelled lifts Bz was added. 
It will be obvious that the setting of these shutters was rendered very simple 
by leaving shutters A in position and by having them set precisely to line 
and level. Removable panels on shutters B, and By allowed fixing to be 
carried out from the inside. 

Above the abutments, the buttress width was normally stepped back 
to 18 feet to allow concreting to continue before placing the arches, and 
this: increased to 31 feet at the transverse joint which had been stepped 
out to that width. 

Above 907-49 O.D., the contraction slots were changed to two smaller 
slots set 15 feet 6 inches from the centre line of the buttresses, because 
otherwise the arches would have been split by these slots. The upstream 
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section between the upper contraction slots was concreted together wit. 
the downstream section, the 1 in 6 rise of which was gradually levelled 
out to give a level concrete joint at the underside of the first two pilaster 
blocks. At level 920:00 O.D. the straight backslope shuttering was 
replaced by a curved shutter of similar construction. The 18-foot-wide 
downstream portion was here increased to 31 feet in width by corbelling 
above the arch spaces towards the backslope and meeting it along the 
joint-line at level 920-00 O.D. Thereafter on this section, apart from 
pilaster block placing, there was no complication to underside of parapet 
level. 

After the completion of arch abutments on adjacent buttresses, arch 
rings were normally placed without delay and concrete poured in the 
haunches, and by the time the lower contraction slot under the arch rings 
was filled (this lagged 3 months behind adjacent-buttress concreting) 
and reinforcement above the arch rings placed, concreting above the rings 
continued to the underside of the roadway. The upper contraction slots 
formed at the sides of this section were filled 2 months after this concrete 
above the arches had been placed. 

In cases where the arch rings were placed immediately after the abut- 
ments had been formed, concreting of the buttress downstream section 
was carried out against the arch rings up to 907-49 O.D. (upstream). 
The lift above this level was constructed out to the upper contraction 
slots at the upstream side and returned into the arch rings on the 
downstream portion ; and the next and following lifts carried through at 
the downstream side to the backslope to the full width of 15 feet 6 inches 
from the buttress centre-line. This prevented the occurrence of a vertical 
joint right on top of the arch rings. This form of construction eliminated 
the complication of an overhang at 920-00 O.D. ; 

At the spillway, the sequence of operations was essentially the same 
as at standard buttresses. On buttress span No. 5/6 the spillway beams 
were placed complete to the top, and the crest section then concreted 
above the arches, although on span No. 6/7 the crest was concreted before 
all the beams had been placed by corbelling above the position of the top 
beam. This allowed work on the crest and spillway bridge here to go 
- ahead sooner than would otherwise have been possible. 

The spillway nose overhang was constructed by using special bracket 
soldiers welded-up from standard soldiers on site, 

At the intake, the tunnel length of the 13-foot-6-inch-diameter steel 
pipe was erected at the tunnel portal, and as sections were completed the 
pipe was winched forward into the tunnel. Rollers attached to the under- 
side of the pipe ran on rails which had been set in concrete in the tunnel. | 
Outside the tunnel the pipe was erected on concrete pedestals, and ulti- 
mately completely embedded in concrete here and surrounded by packed 
concrete inside the tunnel. This concrete was later pressure-grouted 
through holes provided in the pipe. 
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The steel pipe consisted of $-inch-thick plates riveted in 8-foot strakes 
formed in two semi-circles, with triple-riveted covers in boiler fashion on 
the longitudinal seams and with double-riveted outside cover-straps on 
_the circumferential seams. The bend was made by welded mitres kept 
clear of the field joints so that the circumferential covers occurred on 
parallel pipe. 

The heavy Meehanite castings at the intake base were accurately” 
set-up and conecreted-in as the work progressed. The emergency gate 
_and removable-screen guides, which extended up the intake tower, were 
- built in later. 

_ “ Hand-over-fist ’’-type climbing steel shutters were used on the 
-intake tower, fabricated to the various required shapes. They were 
3 feet 8 inches deep and were provided with wedge-shaped striking- 
sections. They were bolted at the base to the lower shutters which were 
“in turn held to the wall concrete by bolts which did not pass from side- 
to-side through the walls, but were held by plate washers to the wall 
concrete. Cardboard ferrules were used on these bolts. Originally, soldiers 
‘were not used but they were introduced later to aid in aligning the 
shutters. 
| When the tower extended beyond the reach of the 10-ton derrick, 
- shutter-lifting was carried out by K.L.44, fitted with a 40-foot jib. This 

was sited on pile sections spanning the downstream shaft, and the shutters 
which these piles fouled were lifted by cableway once the crane had been 
removed. 
 Shutter-lifting, and later gate-guide erection and painting, were 
_ assisted by tubular scaffolding round the tower and up the shafts although 
at times the scaffolding sub-contractors had difficulty, due to the weather, 
in keeping pace with the tower progress when it was under way, and two 
“lifts a week were being concreted. This scaffolding was of particular 
_ assistance in setting up the overhanging shutters at the top of the tower. 
(See Fig. 27, facing p. 193.) a 
- The intake house was straightforward. The tower shutters were 
adopted for it and used in a single row, and with a 2-inch overlap on the 
- concrete, gave a 3-foot-6-inch lift. The roof was cast in situ. It is interest 
ing to record that the windows were first glazed with a reinforced glass 
set in putty, and within less than a week a considerable number of 
these panes had been blown in. This was remedied by reinforcing 
the steel sashes with steel bars and re-glazing using a patent steel 
beading. 
The draw-off tower, being for the most part merely a plumb face at 
the front of buttress No. 6 with gate guides, and thus being dependent on 
buttress No. 6 progress, was not completed by the first partial impounding 
date, and so to enable the emergency guard-gate to be operated then, the 
lifting gear was temporarily housed on a platform supported by R.S.Js 
cantilevered from the dam face, and sited above both stage 1 and stage 2 
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impounding levels. The dam face was recessed at these girders which 
were later burnt off and the pockets made good. 

At the hillsides (excepting foundation difficulties and section No. 2 
which accommodated the spillway recorder-well), the gravity-dam sections 
were extremely simple. They were divided by parallel-sided contraction 
slots 5 feet wide (with key checks at about 6-foot centres) running straight 
through from front to rear. Owing to the relatively high level of these 
sections and the consequent relatively small volumes involved, the up- 
stream and downstream portions were concreted in one. 

The total length of steel shuttering used was about 3,600 feet, excluding 
pre-cast mould shutters. 


CONCRETING PROGRESS 


The quantity of concrete placed per week varied according to the 
weather, as would be expected, although slightly out of phase with it since 
- inclement weather had a greater adverse effect on shutter-lifting than on 
actual concreting. 

Broadly speaking, concreting increased from about 600 cubic yards 
placed per week in the spring of 1948, when mass-concreting commenced, 
to a maximum of 4,082 cubic yards per week during the summer of the 
following year. After this, with smaller volumes in lifts, progress de- 
creased to about 2,000 cubic yards per week during spring 1950, and by 
the end of June 1950, having dropped suddenly to 200 cubic yards per 
week, it can be said that mass-concreting had by then been completed... 

The best daily average concreting-rate worked out at 58 cubic yards 
per concreting-hour and the best weekly average rate at 45 cubic yards — 
per concreting-hour. These rates were achieved in the fairly early stages 
when lifts contained large volumes. 

Fig. 28, Plate 3, shows graphically the weekly rainfall and various 
weekly concrete-placing statistics for the year 1949, and Figs 29, Plate 4, 
illustrate, pictorially, general progress achieved during 6 monthly 
~ periods. 

From the autumn of 1948, two {0hour shifts were worked and con- — 
ereting was generally carried out during both shifts until early 1950. 
After this, most of the concreting was carried-out by the nightshift, leaving 
the dayshift to concentrate on placing pre-cast units, crane lifting, etc., 
because at this stage, with so much radial travelling, only one cableway 
could be used to its full efficiency at one time except in special cases. 

Tn all, 208,000 cubic yards of concrete, 48,000 tons of cement, 70,000 
square yards of shuttering, 3,140 cubic yards of pre-cast concrete and | 
300 tons of reinforcement were entailed in the permanent works. 

Fig. 1 shows the dam in October 1950. 


. 


E CONSTRUCTION OF LOCH SI 


" 


; 
T 


Fic. 2 


81 ON 2019 AAC 


Z| ‘ON 8824330 


91 ‘ON s80493Ng 


s1 ‘ON $s04339g 


$1 “ON 380423ng 


iN 
(- 


\, 
All 
HW 


Cableway travelling tail-mast 


€1 “ON ss2ua3ng 


ZI ‘ON ss2433Nng 


I] ON $s2433ng 


Ol ‘ON ss2433ng 


6 ON ssei33ng 


Intake house 


8 °ON $se433Ng 


LON ssez33ng 


Bridge over spillway crest 


ll 
‘| 


Draw-off gate house 


§ ‘ON s824330g 


/ & “ON ss9433Nng 


100 feet 


€ "ON sseu33ng 


Datum: 700’ above O.D. 


TON 92019 ANAeID 


Scale of feet 
0 


50 


Feet 100 


The Institution of Civil Engineers 


FEIEVATION OF DAM FROM DOWNcTREAM SIDE 


P Fics 3 


:4.——Dam axis 


C- 
Cableway radial head-mast 1 
ee f 
~ : 2 * W.L: +935 00.0.0. fo 
S RN ———S——— 
yo ZR = 
907-49 O.D. LES 
Pe \ Pre-cast arch rings Access ladder 
. €#6°68 O.D. 
Batter; | in 40 ‘, 
a 
% 
; ‘ 
« TYPICAL SECTION THROUGH GRAVITY DAM 
10 
sg \ 
a é Grout holes an 5 
\ ‘ 
2 SECTION THROUGH TYPICAL BUTTRESS =) “ 
3 S 
kay 
2 amerriiia4o reer toa Pre-cast spillway beams 
a 
j & Scale: sto 
: : 
2 * 
nous Opening through 
g buttresses 6 and 7 Draw-off valve 
§ Screen wed : t Bion Fixed screen EN 7 
% - Fe er x atin ya 
AIA RA 
wt } 
Yi 
A | j SN WS” SECTION THROUGH INTAKE 
- TYPICAL CROSS-SECTIONS 
= 4 
. 


JAMES STEVENSON 


i: 


td 
TE 
LOCH SLOY DAM 


THE CONSTRUCTION OF LOCH SLOY DAM 


Fics 26 


REAR ELEVATION 


SECTION XX 


Scale: | fnch = 4 feet 


ARCH CORBEL SHUTTERS 


Proceedings, Part III, August 1952 


The Institution of Civil Engineers 


Lonpon 


Wittiam Crowes & Sons, LIMITED 


~~ 


ot ee THE CONSTRUCTION OF LOCH SLOY DAM 


950°00 
900-00 | 
850°00 
800°00 
Datum: 75000 OD 
950-00 
: 900-00 
85000 
800:00 
Datum: 750:00 OD 


FIGS 29 


Percentage of concrete placed in large volumes 
Rate of concreting-in cubic yards per hour 


Proportion of week worked as a percentage 
of maximum possible (that is 168, hours) 


Concrete output for week in cubic yards 


950:00 fees] HH . 
i [= aEEee 
900°00 + tt 4 , ‘ % cates r u s ¥, as 
‘ ; ii ‘ i Ht | 4 |_| 
850-00 : F Hy HH J E H 
ui rp i " \v : LI 
80000 ‘ i =f pom 
cet “ — if ) L_| 
A i Rie ip 
Datum: 75000 OD ; ; END OF DECEMBER 1949 NIA a 
a Vi IN 
00 Lag | —— 
> =r : WITH HH 
55 art {4 = y OF oa ee oa! 
900:00 > Po 6 5 & 
AR nb : 
: HH Wal ie ht 4 
850-00 : it ae ae 
‘ i ie BEE 
800.00 : Hdl 1 
it 1 a a Hi 
Datum: 75000 OD "END OF JUNE 1950 nea 


i 


Spring holiday ] Glasgow fair 
CONCRETE, PLACING AND RAINFALL STATISTICS, 1949 


CONCRETE PLACING PROGRESS, BY SIX-MONTHLY INTERVALS mon a ag 


ON The Institution of Civil Engineers Proceedings, Part III, August 1952 
1AMES STEVENS! 


STEVENSON ON THE CONSTRUCTION OF LOCH SLOY DAM 205 


ACKNOWLEDGEMENTS 


The Consulting Engineers for the Work were Messrs James Williamson 
& Partners, to whom the Author is indebted for permission to publish the 
buttress concrete temperature graph shown on Figs 14. 

The Contractors were Balfour, Beatty & Co. Ltd, whose agent at the 
site was Mr James Hastings. The Author was one of the Contractor’s 
assistant site engineers. 

For their constructive criticisms of all or sections of the original draft 
of this Paper the Author would like to record his thanks to Mr L. H. Baker, 
B.Sc., A.M.I.C.E., who was the contractors’ sub-agent and chief site 
Engineer ; Mr W. A. Watson, A.M.I.C.E., who was the Resident Engineer 
at the Dam ; John M. Henderson & Co. Ltd, who designed, manufactured, 
and supplied the cableways ; and The Cementation Co. Ltd, which carried 
out the pressure grouting work under sub-contract. 

The Author is also deeply grateful to his employers, Balfour, Beatty 
& Co. Ltd, for their permission to present this Paper and for their advice 
and assistance in its preparation (which included the preparation of 
the drawings) and also for permission to reproduce the various photo- 
graphs. In particular, for this help, he would like to thank Sir Andrew 
MacTaggart, Mr D. M. Balfour, and Mr J. D. Gwynn, B.A.I., M.I.C.E. 


The Paper is accompanied by fourteen photographs and fourteen 
sheets of drawings, from which the half-tone page plates, folding Plates 1, 
2, 3, and 4, and the Figures in the text have been prepared. 


Discussion 


Sir Andrew MacTaggart said that the Consulting Engineers had 
produced a structure which was very pleasing to look at and which at the 
same time it had been possible to construct in a normal way by methods 
which were available to all contractors to-day. He thought that it was 
‘one of the finest-looking dams in Scotland at the present time. 

Remarking upon the weather at Loch Sloy, he said that the maximum 
rainfall in one year had been more than 160 inches, as compared with about 
40 inches in London. That was some measure of the storms which 
occurred. 

He referred to the installation of the cableway by the North of Scotland 
Hydro-Electric Board before, so far as he knew, the Board had asked any 
of the contractors who might be interested whether they would like to 
buildthe dam. That had been, he suggested, a very great risk to take and 
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a very bold step, but he could give the assurance that it had been a very © 


successful one, so that whoever suggested that innovation had certainly 
been thinking along the right lines. The other great innovation had been 
the arrangements for the supply of aggregate from the quarry, which 
involved one of the longest belts ever built, of a length of about 24 miles, 


es 


over very rugged land, with booster motors along the line. It had sup- — 
plied the aggregate in all kinds of weather, and there had been no hold-up | 


or cause for complaint during the 4 years the contractors had been on the 
site. That was a very great tribute to the builders and suppliers of the 
line. 

The Paper showed how a young engineer (the Author) had been able 


~ ire 


to obtain complete command of all that was required to build a structure — 
of the kind in question. The Paper and what the Author had said in © 
introducing it provided evidence that he had a complete grasp of the work 

and of all that had to be done and should be remembered in future for other — 


works of the same kind, 


Perhaps one of the greatest difficulties in the construction had been to — 


get a proper sequence of concreting. The foundation depths ranged from 


10 feet to 100 feet in a very short distance, so that the difficulty had been 


to get a length of trench where it was possible to start concreting and so 
get a sequence of concreting which would make it possible to carry through 
a programme in a reasonable period. That had been achieved very well, 
but it had taken a great deal of planning. On a job of the kind in question 
it was essential to work out beforehand what the programme was going 
to be. They had been working on the concreting night and day, and every 
shift had to have somewhere ready to put the concrete. 

Having regard to the small number of carpenters available during the 
period when the job was being carried out, it had been a great feat to get 
the shuttering erected by mobile cranes on top of the dam with the help of 
men who had had little experience of that work. He used to think, when 
he saw the men at work in all kinds of weather, that even to hold on to 
the structure was difficult enough without having to do any work. When 
he said that they had had an average of twelve real carpenters on the job, 
when they ought to have had fifty or sixty, it might be imagined what a 


task those men performed, with the few skilled carpenters who had been 


available, doing work to which they were not accustomed and doing it i 
such an excellent manner, : 

Mr William Young observed that points to which more extensive 
consideration might well be devoted were the planning of the temporary 
works and the highly efficient and economical method of removing the top 
surface of the concrete in preparation for the succeeding lift. Possibly the 
Author could say a little more about that; it was of particular interest, 
since it had proved to be so satisfactory. 

The Paper had included an analysis of the concrete temperature 


investigations, which unfortunately was not complete, because there was 
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no record of the air temperature during the investigations.* A lot had 
been written on that subject, and Mr Young had no wish to become 
involved in a direct comparison with other dams, because there were so 
many factors which had to be taken into consideration before a true com- 
parison could be made. He would like to confine himself to what he 
considered to be a significant feature, which was that for the atmospheric 
conditions in which the concrete had been deposited (an air tempera- 

ture of about 50° F.), the maximum recorded concrete temperature was 
just above 80° F. So far as he could see, that was in general lower than 
previous results in mass dams, and, of course, was not unexpected when 
one paused to consider the surface area of a buttress dam in relation to its 
volume. It was of significance, however, because with the lower tempera- 
ture generated it was logical to assume that the contraction slots could be 
spaced a little wider than in the case of a solid gravity dam. 

That in itself raised two points of interest. There was a popular theory 
that a buttress dam required not only an appreciably greater amount of 
shuttering, but also shuttering of a much more complex nature. On the | 
first point, if the Sloy method of forming contraction slots were adopted — 
for each type of dam it would be found that there was much more tem- 
porary shuttering in the contraction slots of the gravity dam and that 
that would off-set the extra finished shuttering required for cladding the 
greater exterior surface of the buttress dam. The total area of shuttering 
(temporary and permanent) was therefore about the same in each case. 

On the second point, as would have been gathered from the Paper, 
the complexity of the shuttering had introduced very little increase in the 
difficulties of construction. The elliptical shutters between the buttresses 
had, of course, been prefabricated and, once they had been set in position, 
the raising of them had become a matter of routine which was little more 
complex than in the case of straight shuttering. It was true that if the 
arches had been carried out by centering and in-situ methods they would 
have introduced a comparative difficulty, but the ingenious method which 
had been adopted of pre-casting and erecting those arches had reduced the 
construction to one of comparative simplicity. 

Before leaving the question of the mass versus the buttress dam, it 
might be mentioned that the question of heat generation in a mass dam 
had sometimes been tackled by the use of low-heat coarse-ground cement. 
To-day, however, not only was there difficulty in persuading the manu- 
facturers to supply that cement, but also it involved, as was well known, a. 
substantial increase in price. At the moment the increase was of the 
ordei of 21s. per ton and when that was applied to the volume of concrete 
involved, the increased cost would practically pay for the total cost of 
shuttering a buttress dam. There was no question of calling a buttress _ 


* Records of maximum and minimum air temperatures have been incorporated 
n Pigs 14 since Mr Young made this comment.—Sxc. LC.E. 
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dam a substitute for a gravity dam. It was not so, but the arguments — 
which he had put forward were of interest on a site which might be adapted — 
to either type. : ; 

One point in the Paper itself had puzzled Mr Young. It would be — 
found that the Contractors had elected to raise their lifts at 3-foot-8-inch — 
intervals, while the Engineers had specified that they could go up to 5 feet. 
It occurred to him that that had involved a considerable excess of scabbling — 
of surface areas and preparation of surfaces, the cost of which was included — 
in the concreting cost, and it seemed to require some explanation. ; 

He concluded with a remark on the weather. He agreed that the 
recorded rainfall was in itself graphic enough, but to appreciate the condi- 
tions fully it must be realized that the rain was invariably coming in hori- — 
zontally with gale-force winds. He would like to record his own tribute — 
to the determination of the men who worked continuously and so well — 
under those arduous conditions. 

Mr J.D. Gwynn observed that in any dam the importance of the shut- 
tering varied as the job progressed. At first the speed of pouring the 
concrete determined the rate of progress, but a stage was soon reached 
where what mattered most was the rate at which it was possible to set up 
a fresh lift of shuttering. That remark applied with unusual force in the © 
case of the Loch Sloy Dam, because it consisted of a buttress section 
surmounted by a small gravity section. The result was that just as the 
cross-section was getting thin and the shuttering had to be set up with 
increased frequency, it had been necessary to introduce a number of | 
changes almost at once. The elliptical shutter was no longer used, the 
arch rings had to be put in, pilasters had to be added, a vertical curve in 
the back of the dam had to be introduced, and, to complicate the matter 
further, the position of the joints had to be altered and their number 
increased. Even if an unlimited number of carpenters had been available, 
there was a very dangerous potential bottleneck there, and the pre-casting 
of various units had been part of the attack on the shuttering problem. 

The shuttering itself had been the object of a considerable amount of 
thought, and it had been found that the importance of having shuttering 
which was simple and reliable, and which could be quickly and flexibly 
altered and adjusted to all the different dimensions required when a dam 
was going up with sloping faces on both sides, far outweighed any possible 

_ saving obtainable by adopting a cheap shutter. If a shutter of the full 

- maximum height had been used, as Mr Young had suggested, the unit 

would have been clumsier. For example, it would have been necessary to 
cope with correspondingly longer soldiers of heavier section to get the same 
contro] over the shutter. The length of a soldier to control a shutter of 
the type chosen had to be approximately 24 times the height of the shutter. 

Enough had been said to show that the weather conditions did not en- 

courage having objects rising high above the concrete surface. On con- 
sideration, Mr Young might agree that there were advantages, in spite of 
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the extra scabbling, in having something which did not take too large a 
bite at a time. ; 

On 13 April, 1948, when those shutters were being assembled, a Paper 1 
had been given to the Works Construction Division by Mr Cyril Parry. 
It was a very interesting Paper, but Mr Parry’s conclusions on the subject 
of heavy forms such as those in question were in striking contrast to the 
arrangements which had been used at Loch Sloy Dam. Mr Parry had 
stated: “ Heavy forms of 35-inch plate, or thicker, are best assembled 
with rivets, countersunk, chipped or ground off on the face side. The 
riveting should be carried out with special care in order to avoid denting 
of the plates around the rivets. The Author has often been persuaded 
to allow manufacturers to produce special panels by welding the channels 
or angles to the plate, and he has always found such panels unsatisfactory ; 
this may be due to lack of skill of the welder. The resulting panels are 
usually inaccurate, owing to warping and twisting of the units. It is 
advisable that steel form plates should have their edges machined and not 
sheared, and that they should be made to a tolerance of minus ¢ inch 
and plus 0. When this degree of accuracy is asked for, welding appears to 
fall short of requirements.” With regard to that, Mr Gwynn would point 
out that the shutters in the Loch Sloy Dam—not only the flat ones, but 
also the horizontal and vertical curves—were all made of welded plate 
construction. It would be interesting to know, in view of what Mr Parry 
had written, whether the Author had found them satisfactory in practice 
or otherwise. With regard to tolerances, it was possible to do a welded 
job to a tolerance of ¢z inch, ‘but it was generally more economical and 
profitable to arrange the design so that the soldiers and individual 
shutters could be adjusted to get the required degree of accuracy in the 
set-up, rather than to spend a great deal of money in getting very accurate 
dimensions where they were not, perhaps, necessary. That was the basis 
on which the shutters had been designed, with the exception of a few which 
had been of mixed timber and steel construction, owing to the fact that 
they had been used only a few times. 

Mr Alan P. Lambert said that he had had the good fortune. to visit 
the work twice while it was being carried out. He had experienced a sense 
of real exhilaration when he saw the dam at Loch Sloy. He thought that 
here at last was a British dam which did not look exactly like the cross- 
section of a piece of cheese. He thought that it was impossible for anybody 
to stand below the Loch Sloy Dam and look up at the buttresses, crowned 
by the arches, without feeling that it was an inspiring design in which every- 
body should take great pleasure. 

The other impression which he had gained was one of profound respect 
for the Contractors’ site staff, who had carried out the work in the most 
appalling conditions and had been determined to do the job, if possible, _ 


1 Cyril Parry, “‘Shuttering.” J. Instn Civ. Engrs, vol. 30, p. 3C3 (Oct. 1948). 
See p. 316. 
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ahead of schedule. It was perhaps not always fully realized how much 
the successful conclusion of big projects in outlandish places really 
depended on the determination and “ guts ” of the site staff. They had to 
deal with most of the troubles and had to coax the labour along, but never 
allowed themselves to be depressed. The Author was to be congratulated 
not only on an admirable Paper but also as a member of a team who were 
entitled to look back on their achievement with pride and satisfaction. 

There were a few points in the Paper on which Mr Lambert would like 
to ask some questions. The maximum size of aggregate had been 24 inches. 
Both economically and technically there were considerable advantages in. 
using a much larger size of aggregate, possibly 6 inches or even 9 inches. 
If it were only necessary to crush half the stone down to 6 or 9 inches 
there would be economies in crushing costs, and also the total specific 
surface to be covered by cement would be reduced; that might lead to 
an economy in the quantity of cement used, which would bring in its 
train the technical advantage of reducing the temperature rise in the mass, 
with the corollary of less risk of any serious cracking developing as the mass 
cooled. Mr Lambert was not asking why the Author had not used a bigger 
aggregate, because as a good contractor the Author had naturally used the 
aggregate which he had been told to use; but it would be interesting to 
know whether, if he had been asked to use an aggregate of 6-inch maxi- 
mum size, he would consider that it would introduce any serious problems. 
in the process of mixing, distributing, and compacting the concrete. 
Certain types of mixer could not handle material of that size, but the 
technique adopted should be adapted to make use of the maximum size 
of aggregate suitable for the structure which was being built, and that size 
should not be controlled by the problems of the actual mixing and placing 
of the concrete. : 

Table 1 gave a great deal of information about the concrete, but there 
was one result there which called for an explanation, namely, the rather, 
poor performance put up by the second mix. For the greater part of the 
dam a mix with 3} ewt of cement to a certain proportion of sand and 
stone had been used, but it was mentioned that for certain situations a 
_ higher-strength concrete had been required, and the second mix had been 

introduced, where the cement had been increased from 3} to 4 cwt, and the 
water/cement ratio had been brought back from 0-70 to 0-60. Those adjust- 
_ ments should have resulted in a concrete with a strength of more than 

3,000 Ib. per square inch, but in fact the strength of that mix had been 
about 200 Ib. per square inch less than that of the weaker concrete. That 
did not relate to the result of a sporadic cube test, but to the average 
strength covering 3,000 cubic yards of concrete. Mr Lambert had checked 
the density figures, thinking that for some reason the mix in question 
might have been difficult to compact, but, taking the specific gravity of 
the cement as 3-1, which seemed to be a fair figure, and using the other 
data given in the Paper, it would be found that the maximum possible 
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lensity of the second mix, assuming the complete elimination of all voids, 
vas only 156 Ib. per cubic foot, and under test a density of 1554 was 
ybtained. That was very satisfactory and showed that the mix could be 
ully compacted, but it still left unexplained the mystery of the low 
trength. 

Bulk cement was one of Mr Lambert’s hphbwahereed and he was certain 

hat the Contractors in the present instance had been fully aware of the 
reat advantages of using bulk cement, which lay not only in the saving 
wf bags but in the very considerable saving of handling costs at the 
ite. No doubt the Contractors had wanted to use bulk cement, and it 
vould be interesting to know what had led them to abandon it and 
wecept the cement in bags. If it had been a question of transport diffi- 
ulties, those had been overcome on another dam. If it were a question 
f the Cement Marketing Company not wanting to supply in bulk, they 
uught to know about it. 
If the 5-foot shutter had been used it would have meant a reduction 
f about 20 per cent in the number of lifts, with the advantages to which 
in earlier speaker had referred. At the Loch Sloy Dam, 2-ton cranes had 
yeen provided to lift the shutters, so that it was not a question of the weight 
f the shutters which had caused the smaller lift to be adopted. 

The belt conveyor which had been referred to by Sir Andrew MacTaggart 
1ad not been the choice of the Contractors, but it was encouraging to hear 
hat it had been an extremely reliable piece of equipment. With twelve 
onveyors in line, if one broke down the whole train came to a stop, and it 
vas interesting to hear that that had not happened very often. At first 
ight it might have been thought that, with a road to the quarry and to 
he site of the dam, the more obvious method of using big lorries for 
ransporting the material might have been preferable. 

The cableways were very interesting, but unfortunately Mr Lambert’s 
isit had been on one of the rare occasions when one of them had broken 
own and was under repair. He was not certain to what extent the use of 
wo caused interference of one with the other. The upstream one could 
ot return to the loading point if the downstream one was upstream of the 
yading point. He did not know whether that would be a complication in 
ractice, or whether everything worked smoothly when some experience 
ad been gained. It was interesting to see that it had been found at Loch 
loy to be the right system to use a transfer skip running from the mixer 
nd discharging into permanent cableway buckets, whilst at another dam, 
sing the same cableways, the cableway skips had been changed and run 
ackwards and forwards to the mixer. 

In conclusion, he would like to pay his tribute to the extremely satis- 
tory way in which pre-cast units had been worked into the dam. It _ 
1owed a very intelligent appreciation and a happy state of co- operation 
hen the designer was prepared to consider proposals of that sort. In 
articular, the use of the arch ribs was a brilliant idea. The fixing of the 
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soffit falsework for the arches might not have been too bad, but getting it 
out afterwards would have been a more serious problem. 

Mr J. C. Waddington wished to know if the Author had had 
any serious trouble with the cableways in high wind. Mr Waddington’s 
experience of cableways had been that in fairly high wind there was 4 
considerable amount of swing of the concrete-bucket, especially when 
concreting at a considerable depth below the level of the cableway. There 
was also a fair amount of surge in the cableway when the hopper of th 
bucket was released and the concrete flowed out. It would be interesting 
to know whether any troubles of that kind had been experienced. The 
Paper described how some of the difficulties had been overcome, but id 
was Mr Waddington’s experience that the difficulties could be rather 
serious in high wind. From what was said on p. 193 of the Paper he noticed 
that although the specification permitted the use of plums up to a maximum 
size of 4 tons, they had not been used in the work in question. He fully 
agreed with that procedure, and he was very pleased to see that the plum 
bogey had been laid again. The ability to use plums up to 4 or 5 tons in 
weight had attractions for contractors and looked very nice on paper, but. 
in practice one was faced with the difficulty of quarrying them, and the 
need for heavy plant to handle them and transport them to the site and 
for heavy derricks to place them on arrival at the dam site. That often 
meant that each bay had to be served with at least two derricks, or a der- 
rick and a cableway—one of the derricks for placing the plums and the 
other or the cableway for placing the concrete. His experience was that 
even with a fairly broad specification, allowing plums up to 5 tons in weight, 
with a granite quarry fairly close to the site of a particular dam, only 
31 per cent of the volume of the concrete in the dam had been taken up 
by displacers or plums. 

The adoption of aggregate of larger size, which had been recommended 
by Mr Lambert, had a great deal to be said for it. It had been used to a 
large extent in America, where the employment of what were referred to as 
“ cobbles ” up to 6 or 8 inches in size was practised. The use of “ cobbles ” 
would reduce the latent heat of the concrete and produce a smaller surface 
on which the cement mortar had to adhere. 

The Contractors and the Engineers were to be congratulated on the 
way in which they had overcome the difficulties of concreting and shutter- 
ing the top of the arches. With the great scarcity of carpenters, there 
had undoubtedly been serious difficulties facing the Contractors, and there 
was much to be said for the co-ordination shown between the Engineers 
and Contractors in scrapping the original design and substituting a feature 
which appeared to have great advantages to both parties. Mr Waddington 
thought that the use of pre-cast work might well be adopted on a large 
scale for mass-concrete dams of varying descriptions, and particularly for 
parapets, parapet walls and other items high up on the dams. — | 

What was the Author’s view on a comparison between the buttress- 
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type dam which had been built and a solid dam? Did the Author 
consider that the economies in concrete had been worth while in the 
buttress dam as compared with a solid mass-concrete dam? The mass- 
concrete dam had been referred to by Mr Lambert as looking like a cross- 
section of a piece of cheese, but something which could be compared to a 
cross-section of a piece of cheese obviously did not require the same amount 
of shuttering as a buttress-type dam. 

Finally, would the Author be willing to provide some costs of excavation 
(soft and rock), shuttering, concreting, and pre-cast work? For some 
reason or other there seemed to be very great reticence about giving costs 
in Great Britain. It was difficulty to see why that should be so, because 
the production of costs was more likely to lead to a wider realization of 
what such jobs really did cost, and would tend to keep the economy both 
of engineers and of contractors in better order. 

Mr Peter Campbell, referring to the contraction slots, recalled that 
on the last occasion on which he had visited the Loch Sloy Dam there had 
been two Spartans standing in one of those contraction slots treating it in 
some way with a huge blowlamp and bitumen. He called them 
“Spartans” because they were working in what was perhaps the most 
exposed part of the whole dam site and the horizontal rain which had been 
referred to was driving down the valley and, although it was the month of 
May, there was sleet as well as rain in the wind. Would the Author 
explain exactly what treatment had been given to the contraction 
slots ? 

Mr W. J. H. Rennie observed that he had been interested in the con- 
tract in the early stages, when his firm had been considering tendering. 
At that time it had not been decided to let out the contracts in sections, 
such as the road, the camp, the quarrying, crushing, transporting the 
ageregates, andsoon. It had then been decided to provide cableways and, 
since that had taken some of the interest out of the work from his point 
of view, and added to the labour difficulties, his firm did not in the end sub- 
mit a tender. , 

Mr Rennie did not know what the cost of the cableways had been. 
[heir function had been confined to the concreting, including the setting 
of the pre-cast arches. He estimated that the cost of the cableways— 
lepending upon how much one depreciated the plant—might amount to 
.s much as 5s per cubic yard. He was glad that Mr Waddington had 
aised the question of costs, because in a construction Paper one might 
xpect something to be said about the cost of the work. 

Tuking the data given by the Author in Fig. 28, Plate 3, and applying 
he figures to the whole of the concreting programme, the maximum average 
utput over the recorded 12 months—the main concreting period—ap- 
eared to be about 2,200 cubic yards per week, or about 26 cubic yards per 
onereting hour. The overall average for the whole concreting period 
ppeared to be 1,450 cubic yards per week, and that meant that the two 


914 DISCUSSION ON THE CONSTRUCTION OF LOCH SLOY DAM 


10-ton cableways were provided to deal with an average of approximatel] 
17 cubic yards per concreting hour, which seemed to be a very low figure. 

Mr Rennie’s own experience with cableways had been rather a mix 
one, and he would like to know whether, as a result of their experience 
and if left to their own ingenuity, the Contractors would have provided 
cableways. Sir Andrew MacTaggart had spoken very highly of those 
which had been provided, ' 

Almost every speaker had had something to say about the weather. 
Personally, having spent some years in other parts of the world where 
rainfall of 100 inches per month was not uncommon, he found 163 inches 
in a year, though quite considerable, not alarming. During one job wit 
which he had been concerned an intensity of 20 inches in 24 hours had 
been recorded. 

The average working time in Fig. 28, Plate 3, was given as a percentage 
of a maximum possible of 168 hours. That was perhaps a little misleading. 
Mr Rennie did not know the number of shifts that had been worked, but 
he assumed not more than twelve, and the working shift would probably 
be 10 hours. On that basis, which would give 120 hours, the average 
working time was increased from about the 50 per cent on 168 hours to 
about 663 on 120 hours. That showed a loss of about one-third (say 
33 per cent) of the working time. To those who knew the Highlands that 
might not appear excessive, but the Author had drawn attention to the 
appalling weather. Normally, Mr Rennie would expect that the inclement 
weather might account for something of the order of 10 per cent from rain- 
fall, and from gales and frost probably another 10 per cent, so that on 
his figures there was still a difference of about 13 per cent presumably 
attributable to abnormal weather. | 

The General Conditions of Contract agreed between the Institution of 
Civil Engineers, the Association of Consulting Engineers, and the Federa- 
tion of Civil Engineering Contractors made abnormal weather conditions 
a contractual risk, which in Mr Rennie’s view was wrong. Since that 
contract, however, had been let in the days of the Standard Form of 
Contract, first edition, by which the weather was not excluded from the 
physical conditions, it would be interesting to know how much the Con- 
tractors would allow for abnormal weather conditions if the contract were 
being carried out now. : | 

Mr J. M. Fisher referred to one of the slides, shown by the Author, 
illustrating the arrangements made for the supply of aggregates to the 
Loch Sloy Dam, in which a stockpile had been shown on the top of a col- 
lecting tunnel. Mr Fisher understood from various technical Papers 
that that method of tipping aggregates on to a pile was likely to lead to 
very serious segregation of the particular grades of aggregate, and he 
asked whether in fact very big variations in the workability had been 
noticed as the stock piles were run down, 

Table 1, in which the details of the coarse aggregate were given, indi- 
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sated that the 2}/1}-inch size was somewhat less than the 14/3-inch size, 
ind somewhat more than the #/7’s-inch. If the recommended grading 
surves given for concrete with different maximum sizes of aggregate were 
xamined, it would be noticed that the maximum size which was used, as 
sompared with the other sizes, whatever they might be, was always 
something of the order of 2/1/1. Had extensive trials been made with the 
yarticular mixes concerned to ensure that the best results were being ob- 
jained with the overall mix proportions used ? 

Mr Fisher had not been able to make a very careful analysis of the 
esults of the tests which had been made, and the Author’s amendment 
30 the minimum permissible strengths, given at the beginning of the 
liscussion, put a rather different complexion on the variations which arose 
n the course of the work. The ratio of the actual average strength to the 
minimum permissible strength was about 1 : 3-3 for the grade of concrete 
orming the bulk of the work; that indicated that quite a high degree of 
vontrol had been maintained despite the weather. The Contractors were 
70 be congratulated on attaining what appeared to be remarkably good 
igures during the course of the job. 

Mr N. G. Eggleton, referring to Mr Gwynn’s contribution, asked the 
Author whether he would use steel shutters of the same welded construction 
m a smaller structure where a first-class finish was essential. Mr Eggleton 
fhought that Mr Parry’s remarks on the dangers of welding steel shutters _ 
should be taken as referring to their manufacture for use on buildings where 
) first-class finish was essential. 

* * Mr R. E. J. Worth observed that the method employed of 
leaning-off the surface of freshly poured concrete by means of a high- 
yressure air and water jet was of interest but had some disadvantages upon 
vhich the Author’s opinion would be helpful. 

In Mr Worth’s experience the timing of that operation was very critical 
n that a premature application of the jet could cause considerable damage 
o the pour, whereas if it was left too long the jet would not have the 
lesired effect; the effective period between those two extremes seemed 
o be comparatively short—between 1 and 2 hours, Good supervision of 
he operation was therefore essential. If continuous shift working was in 
peration on the job that requirement was not difficult to arrange, but if 
he job was on single shift and most of the concrete pours were finished at 
he end of the day’s work, the jetting operation required men to be turned- 
at during the night ; that in turn could easily result in the occurrence of 
ither of the two extremes mentioned above unless the cost of fully adequate 
dditional supervision was accepted, especially under adverse weather 
onditions where the tendency of the jetting-gang was, quite naturally, to 
et the job done as early as possible and then return to shelter. ' | 
- Could the Author give any indication of the timing of the operation and 
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whether temperatures affected the timing to any extent ? Also had both 
air and water been supplied under pressure, and if so at what pressures, 
or had only the air been under pressure ? 

The Author, in reply, endorsed Sir Andrew MacTaggart’s high 
opinion of the aggregate conveyor. No hold-up had been caused by 
inability to deliver aggregate to the batching plant. The contractors” 
own conveyors from the aggregate stockpile to the batching plant had 
occasionally broken down, but on those occasions the Monotower crane 
had been used to load coarse aggregate into the storage hoppers. The 
Board’s conveyors had also, on rare occasions, broken down, and there 
had been an occasional stoppage at the quarry, but there had always 
been ample supplies available in the stockpiles to enable concreting to 
continue. 

Mr Young had been impressed by the efficiency of the operation in which 


Fig. 30- 


; 
| 


Scale: J full size 


Concentric NozzLr USED FOR WASHING LAITANCE FROM Top OF CONCRETE 


laitance had been removed from the top of the lifts. It had indeed 
been very successful, and there was no doubt that it had produced 
a very great saving, since very little subsequent picking or scabbling of the 
_surface had ever been required. The washing had been done by means of a 
very powerful jet of water and compressed air, applied simultaneously tc 
the concrete from concentric nozzles (Fig. 30) held a foot or so above the 
top of the lift a few hours after concreting. The nozzles had been fabri- 
cated on site, and control valves provided at hand level on both water and 
air leads. 

The concrete temperatures shown in Figs 14 had been obtained fron 
ordinary maximum/minimum-type thermometers placed in the centre 
of the buttress lifts through 4-inch-diameter steel pipes which had beer 
cast into the buttress concrete from the edge of the buttress to the centr 
of the lift. 

The question of the optimum height of lift was extremely interesting 
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As Mr Gwynn had said, the decision to adopt a 3-foot-8-inch lift had 
been taken because the resulting shutter was a convenient size and fitted 
in very well with the requirements at the higher levels. That decision 
had, however, been taken in the very early stages of the job and, with all 
due respect to Mr Gwynn, the Author thought that there might have been 
savings had the full permissible depth of lift been adopted. No doubt 
the shutters would have been more difficult to handle, but, as both Mr 
Young and Mr Lambert had pointed out, there would have been savings 
alsewhere—if not in the shutter itself, at least in a reduction in the number 
of lifts and in the costs of cleaning and washing off (though that had been 
carried out easily), and also a reduction in overall shutter standing-time. 
It might be of interest to mention the quantities of concrete involved in 
ifts. At the lower levels that was as much as 300 cubic yards in a few 
sections, but at the higher levels some lifts contained only about 45 cubic 
yards of concrete. 

The welded shutters stood up to the job very well and were more rigid 
than if they had been riveted. Very little repair work had been carried 
out on the shutters, and what there was had been almost entirely confined 
fo dealing with accidental damage. 

Mr Eggleton had asked about the finish obtained, and if, where pre- 
sision work was required, the welded shutter would produce the required 
finish. The Author could only say that on the Loch Sloy Dam an accurate 
and first-class finish had been obtained with the shutters that had been used. 

The Author appreciated the tributes paid by Mr Lambert and others 
0 the appearance of the structure, which he thought had contributed 
, great deal to the interest which everyone had taken in the job, and, 
10 doubt, to the progress of the work as well. 

The maximum size of aggregate had been limited to 23 inches by the 
specification, and, in any case, that had been the maximum size produced 
tthe quarry. With aggregate of larger size there would have been certain 
,conomical and technical advantages, as Mr Lambert had pointed out. 
[he mixes could have been denser and of higher workability, and less cement 
vould have been required, resulting in reduced shrinkage. A completely 
edesigned batching plant, however, would have been necessary ; an in- 
rease in the number of storage hoppers would have been required ; and 
yatching-up would have been more complex with the increased number of 
madings. As it was, with 23-inch maximum grading, constant heavy 
naintenance to the mixers was required, particularly to the blades and 
ollers. It had been, he thought a mistake to mount the mixers on the 
rame of the batching plant and not on separate foundations, because 
considerable vibration had been transmitted throughout the structure. 
That question of the maximum size of aggregate rather indicated that 
conomies might well be effected by leaving the design of mixes entirely 
o the contractor, and merely specifying minimum requirements of the 
‘nished concrete, such as strength, density, impermeability, ete. 
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In Table 1 the 4/24 cube test, particularly at 28 days, had given lowe: 
results than should be expected. There was a logical explanation fot 
that, as Mr Lambert had thought there would be. Almost all Class 
concrete had been placed in the early stages of the job around the 13-foot 
6-inch-diameter steel pipe at the intake. That had not been spread over 
a long period, and so relatively few test cubes had been taken, and of tho 
only very few had been crushed at 28 days ; one or two had been slightly 
under strength, and the others just slightly over strength, giving the aver- 
age figure shown in Table 1. At that stage, the test cubes had not bee 
cured thermostatically, so that faulty curing might well have ol 


to the low strengths obtained. 

The use of bulk cement had, of course, been investigated. It had not 
been adopted, because the suppliers in the area at the time had not had 
the facilities available to handle it, and could not, therefore, guarante 
continuous deliveries of the large quantities involved. 

During the early stages of the work there had been little, if any, inter- 
ference between one cableway and another, but later on detailed planning 
had been necessary in order to avoid interference, especially after the 
transfer track had been shortened. In the last 2 or 3 months of the: 
work it had been impossible to avoid interference, and during that period 
only one cableway could be operated really efficiently at one time. Mr 
Lambert had also mentioned the possibility of running the cableway skips 
right down to the batching plant. That had, in fact, been tried and timed 


‘in comparison with the method which had eventually been used ; thes 


transfer had been found to be speedier. | 

Mr Waddington had asked if there had been trouble with the cable- 
ways in high wind. Very occasionally it had been necessary to stop work 
because of the wind, but the cableways were usually amongst the last 
items of plant to stop work. The cableway drivers had handled the cable- 
ways very well and had done much to minimize surge when the load was 
being hoisted and after the concrete had been deposited, during periods 
of high wind. The particular type of drop-bottom skip used also greatly 
reduced surge after concrete had been deposited. The fact that there had 


_ been less surge than one would normally have expected had a somewhat 


peculiar and, unfortunately, disastrous effect on the button-rope flexible 
ends. These had had to be replaced from time to time, because with so little 
surge there had been very little rocking action or movement in the pulleys 


and the unit wires were thus kept in compression at the pulley face without 


relief or stress, and fracture finally occurred at those wires at the pulley 
face. The eableway manufacturers had now rectified that by a slight 
modification in design. 

Mr Waddington had questioned the relative economies of the buttress 
type as against the mass-concrete gravity type of dam. The Author 
could not say much about relative costs, but he pointed out that had the 
dam been of the solid mass-concrete type, shutter lifting would have been 
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much speedier and far higher rates of concreting could have been achieved. 
As it was, on the gravity-dam section at the hillsides progress was normally 
about twice as rapid as on the more awkward buttress sections. 

The Author would not like to say much about costs, but he mentioned 
that the total value of the contract was £1,351,667, of which £144,800 
had been carried out by daywork. The daywork included the construction 
and dismantling costs of the cableways. Various quantities were given 
in the Paper for excavation, concrete, and shuttering, and perhaps Mr 
Waddington would like to work back from those figures ! 

Mr Campbell had asked about the treatment of the contraction slots. 
The sides of the contraction slots had been scabbled with a small rotary-type 
scarifying tool driven by compressed air, and the three key checks at the 
lower levels and the two at the higher levels had been particularly carefully 
scabbled to remove laitance and yet leave a quite smooth surface. A bitu- 
minous sheeting had then been applied hot to the key checks, using a 
concrete priming solution. 

Mr Rennie had had a rather mixed experience with cableways, and 
wondered if the Contractors would have provided cableways had they 
been left to their own ingenuity. When preparing the tender for the job, 
the Contractors had seriously considered the alternative of providing a 
gantry and derricks. On paper, that looked attractive when compared 
with the estimated cost of operating the cableways. However, having 
once experienced the cableways in operation under the site conditions, the 
Contractors were extremely thankful they had not adopted the gantry 
method. At times the cableways had been hard put to it to cope with 
the amount of concrete which could be produced, and, provided the shutter- 
ing could be kept ahead of concreting, the amount of concrete which 
could be placed had, to some extent, and for short periods, been limited 
by the handling capacity of the cableways. On the whole, however, that 
had not been true, and the cableways had been quite equal to the job. 
They had been invaluable when placing the pre-cast work, because about 
99 per cent of the weight of the units could be taken by the cableways so 
that the units could be pushed by hand into position. Generally, con- 
sreting had proceeded very smoothly, as a routine business. The problem 
had not been one of the actual production and placing of concrete, but 
rather of getting the lifts prepared for concrete ; that was to say, getting 
she foundations finally trimmed and passed, shutter lifting, and setting. In 
neither case would methods alternative to the cableways have produced 
speedier work under the site conditions. It had been found that the 
sableways could continue placing concrete when derrick work and 
shutter lifting had stopped owing to the weather. The Contractors had 
iad considerable experience of cableways manufactured before the war, 
ind the improvement in the design and operation of the new cableways — 
vad. been very marked. After their experience at Sloy, the Contractors, — 
f faced with similar site conditions, would prefer cableways to the gantry 
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and derrick method. Once erected, the cableways were very economic 
to operate. 

Mr Rennie had analysed the data on Fig. 28, Plate 1, which applied 
to the year 1949. He had spread his findings over the total period of 
concreting and had deduced the average concreting rate of spproximatall 
17 cubic yards per concreting-hour, which was very low, and much lower 
than the actual rate which had been achieved per concreting-hour. Pe 
haps Mr Rennie, when making his calculations, had taken a year in which 
concreting had been carried out on double shifts, and spread it over the 
remaining concreting period in which concreting had not always been 
double-shifted. Up to the time when the transfer track had bee 
shortened, the following average concreting rates had been achieved :— 

Single-shift : 38 cubic yards per concreting-hour 

Double-shift : 31 cubic yards per concreting-hour 
but after the shortening of the concrete-transfer track the average con 
creting rate dropped to approximately 20 cubic yards per concreting-hour 

Mr Rennie had thought that the rainfall of 163 inches a year was no 
particularly alarming; one job with which he had been concerned ha 
had an intensity of 20 inches in 24 hours. The Author pointed out that it 
was not the maximum daily intensity of rainfall that was so alarming a 
Sloy, but the fact that it rained almost continuously. During the whol 
period of concreting only 3 completely dry weeks were on record. 

A general indication of the reasonable allowance which could be mad 
for abnormal weather conditions was provided by the fact that the effec 
of rain and wind on the shutter-lifting gangs was such that it was rarel 
possible to do serious concreting for more than 4 days in a week. 

Mr Fisher had asked about segregation in the stockpiles. Gradings 
did vary slightly from time to time, but the effect was not sufficiently 
marked to be troublesome. Since there were no division walls between 
the various stockpiles, care had, of course, been necessary to ensure that 
some material was not drawn from the wrong stockpile. Regarding th 
details of the coarse aggregate gradings, very extensive trials had been 
carried out before the particular gradings used had been adopted, and 
24/14-inch batch proportion had been reduced to the figure shown in Table 
1 to eliminate segregation. | 

Mr Worth had pointed out that the timing of the operation of cleaning- 
off the surface of freshly poured concrete by means of a high-pressure air- 
and-water jet was very critical, and the effective period in which it could 
be done was comparatively short. At Sloy it had, perhaps, been so success- 
ful because. it had been treated as an extremely important operation, 
warranting the full-time attention of a sub-foreman and at least two gangs 
of men. It had been essential to double-shift that work, so that there 
was always a gang available for washing at precisely the right time. The 
Author would not like to lay down exactly at what times the operation 
had been carried out, because that was greatly affected by the atmospheric 
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emperature, but in practice the ideal time could easily be spotted when 
he aggregate was sufficiently firmly held yet laitance would wash off. 
tir had been applied at the pressure from the air main (100 lb. per square 
nch) and water as delivered from the water main, which, at higher levels, 
vas not under much pressure. 


Correspondence on the foregoing Paper is now closed and no further 
ontributions, other than those already received at the Institution, may 
ve accepted.—Sxc. I.C.E. 
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STRUCTURAL AND BUILDING ENGINEERING DIVISION 
MEETING 


5 February, 1952 


Professor A. J. 8. Preparp, M.B.E., D.Sc., M.L.C.E., Chairman of the 
Division, in the Chair. 


The following Paper was presented for discussion and, on the motion of 
the Chairman, the thanks of the Division were accorded to the Author. 


Structural Paper No. 30 


‘Some Recent Experience in Composite Pre-cast and 
In-Situ Concrete Construction, with Particular 
Reference to Pre-stressing”’ 


by 
Felix James Samuely, B.Sc.(Eng.), A.M.I.C.E. 


SYNOPSIS 


A general outline is given of the principal advantages and disadvantages of pre-cast — 
construction with in-situ concrete, to show that most advantages can be retained and 
disadvantages avoided by using composite construction. 

The problems of adhesion between pre-cast and in-situ concrete and the difficulties — 
of transporting long thin pre-cast units are discussed. Practical solutions are aie 
together with results of recent tests on castellated composite beams, 

It is shown that composite pre-stressed beams, with the tension zone pre-stressed, 
are more economical than other types of pre-stressed beams. Standard pre- cited 
soffits have been developed, and calculations for T-beams using these soffits are given, — 
taking into account the variation in Young’s Modulus between the in-situ and pre- 
stressed concrete. Results of a full-load test on such a beam are in close agreement 
with the calculations. 

Applications of composite construction in Great Britain and abroad are illustrated 


and described, special reference being made to the use of pre-stressed soffits in con- 
tinuous structures. 


EO a » 


INTRODUCTION 


For some time past pre-cast concrete has been used frequently to 
replace constructions which, formerly, were carried out in in-situ concrete. 
Pre-cast concrete was first developed for slabs, but it is now being developed 
for beams, columns, and rigid frames (and even space frames)—the inten- 
tion being to replace in-situ concrete as much as possible. This develop- 


ment, born out of economic necessity, has recently been fostered in Great 
Britain by these circumstances :— 


(1) The shortage of timber shuttering since the war—a shirt that 
is likely to continue for a considerable time to come. 
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(2) Social conditions, particularly due to full employment, which have 
influenced workmen, especially skilled workmen, to seek 
employment in workshops and factories rather than at the 
site (with the more difficult working conditions), and have 
thus caused acute labour problems, particularly in country 
districts. 

(3) The present trend towards standardization. 


The advantages of pre-cast concrete can be summarized as follows :— 


(a) Saving in shuttering which, even when it is readily available, 
constitutes a heavy expense which is completely unproductive. 

(6) The possibility of introducing more complicated members than 
the usual rectangular beam or column. The introduction of 
different shapes is often of great value both structurally and 
aesthetically, but with conventional shuttering they cannot 
be entertained. Two examples are latticed construction 
and I-beams. ~ 

(c) Better conditions for the pouring of the concrete, which leads to 
improved quality and the use of higher permissible stresses. 

(d) Improved finishes owing to working under factory conditions. 
Special types of finishes can often be achieved more easily, 
since several different kinds of concrete (ordinary concrete and 
coloured casing) can be used more readily in pre-cast units 
than in in-situ concrete. 

(e) The possibility of using the labour where it is most available and 

thus bringing as few workmen as possible to the site. 

Against these must be considered the following disadvantages :— 

(a) Increased transport costs. First the aggregate and/or cements 
must be taken from the quarry or factory to the manu- 
facturer of pre-cast concrete, and then the finished units have 
to be taken to the site. The costs are increased also because 
more care is needed to handle finished units than raw materials. 

(6) By using pre-cast concrete alone it is extremely difficult to pro- 
vide continuity between the various units. Such continuity 
could only be achieved by using complicated mechanical 
connexions, a procedure which might sometimes be economi- 
cally possible for heavy beams and columns but which is 
almost out of the question with light constructions and floor 
slabs. 

(ce) The loss of the general monolithic effect which in-situ concrete 

, provides. For instance, the framework for a block of flats 
made up of pre-cast units placed side by side could not rely 
upon the floor slab to provide a stiffening effect from cross-wall _ 
to cross-wall, and each frame would have to be rigid in itself ; ~ 
otherwise additional horizontal wind bracing would have to 
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be introduced in the plane of the floors, whereas with in-sit 
construction the slab would transmit the forces withou 
assistance. 

(d) In many cases the greater overhead costs of a factory make pre- 
cast units more expensive than in-situ concrete. 


One point, of supreme importance, that is not easily listed, however, 
either as an advantage or a disadvantage, is the question of repetition. 
Generally speaking, moulds for pre-cast concrete can be used far mo 
often than ordinary shuttering, and this fact makes repetition an advantage. 
If there is sufficient repetition, the moulds can be made from a more 
expensive material, for instance steel, which gives the moulds almost 
unlimited life. Thus pre-cast concrete units are more economical than 
in-situ concrete if there is a reasonable amount of repetition and less 
economical if moulds have to be made for very few units. The number of 
units required to represent a suitable repetition differs very much with 
different types of units, but where the mould costs are comparatively small, 
the repetition need only be small. Generally, however, it can be pre- 
sumed that if there is a repetition of between 50 and 100, the mould 
costs would be reduced to a negligible amount. 

Composite construction, comprising both pre-cast units and in-situ 
concrete, has often been advocated as 
being a good compromise between the two, 
which retains most of the advantages of 
each but overcomes most of the dis- 
advantages. The general method is to use 
pre-cast concrete in such a way that it 
forms the shuttering for the remaining 
in-situ concrete. If this can be done 
without increasing the overall dimensions, 
the whole of advantage (a) is retained 
without introducing disadvantages (b) and 
(c). It is then possible to build up a 
continuous construction using units and 
yet to retain the monolithic effect of 

in-situ concrete. In addition, the shape 
and size of the units can be influenced by 

this compromise, in order to simplify their 

transport. It will be shown later that the 
in-situ concrete can be used to make both 

slabs and beams continuous, and if neces- 

_ Srrice or Two Pre-castCotumns sary, to provide continuity between pre-— 
cast beams and columns as well. It can 

also be used to splice two pre-cast columns which otherwise would be 

too long to transport in one piece. (See Fig. 1.) _ 


In-situ concrete 


Four bolts 


M.S. Plates welded 
to reinforcement 


Pre-cast concrete 
column 
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A column splice can, of course, be made-mechanically, but the alterna- 
tive is to leave a gap between the two pre-cast units, with reinforcing bars 
projecting from either side, and then complete the unit with in-situ 
concrete. If this joint can be housed within the confines of a beam or slab, 
so much the better. 

The Author believes that, ultimately, composite constructions of pre- 
cast and in-situ concrete will be adopted almost generally in preference 
to other constructions, and this Paper will, therefore, first deal with the 
problems that arise with this type of construction and will show examples 
of some of the main buildings already carried out in this way. It should be 
emphasized here that there are no proprietary rights to composite con- 
struction. There are many patents referring to systems of floor con- 
struction, but in every case it is the shape of the components that is 
covered by the patent rather than the method, and this fact should allow 
a free and unhampered development. Later in the Paper it will be 
shown that the composite method has particular applications for pre- 
stressed concrete. Ifthe lower part of the beam or slab only is pre-cast, it 
generally means that it is the tension zone which is pre-cast, and therefore, 
in pre-stressed concrete of the same type, only that part which is doing the 
tensile work can be both pre-cast and-pre-stressed. This leads to im- 
proved efficiency compared with other methods by which the whole beam 
is pre-stressed. 

The two main problems that have to be solved with composite con- 
struction are :— 


(1) The adhesion between the pre-cast and the in-situ concrete. 

(2) The sub-division into pre-cast units, bearing in mind the fact 
that, in composite construction, the units are necessarily 
thinner and less rigid in themselves, so that the problem of 
stability during transport arises. 


ADHESION 


In order to understand the adhesion between the pre-cast and in-situ 
soncrete along the mating surfaces, which is usually a horizontal plane, 
tt is necessary to recall the internal stresses to be found in an ordinary 
reinforced-concrete beam with particular reference to this horizontal plane. 
It is known from elementary mechanics that, apart from the compression 
und tension stresses due to bending, vertical and horizontal shear stresses 
secur at any point in a beam unless the shear force is zero. It is known, 
also, from elementary mechanics that :— 

- (a) The vertical and horizontal shear stresses are equal (see Fig. 2). 
(b) Such shear stresses are equivalent to tensile and compressive 
stresses acting on planes at an angle to the horizontal, the — 
largest of these stresses acting at 45 degrees to the neutral 
axis. . 
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In materials like steel, which can be used in tension as well as in com- 
pression, these (principal) stresses are of comparatively little importance, 
but in concrete, which can take less tension than shear, destruction will 
often result from excessive diagonal tension rather than excessive shear. 

Because, in a normal reinforced-concrete beam, the maximum diagonal 
tension is numerically equal to the maximum shear stress and because 
the concrete is so much more vulnerable to tension, only the diagonal 
tension is considered when calculating the dimensions of the beam. In 
order to simplify matters, By-laws and Codes of Practice have ceased to 
distinguish between diagonal tension and shear and have limited the 
shear values to suit the capacity of the concrete in diagonal tension. In 


Fig. 2 


7, C, and S have the same numerical value 


PRINCIPAL STRESSES 


materials which react differently to compression and tension, the ultimate 
shear stress can usually be taken as being approximately V/ct, where ¢ 
denotes the ultimate compression and ¢ denotes the ultimate tension. For 
instance, if a certain type of concrete has an ultimate stress of 460 lb. 
per square inch in tension and 4,600 lb. per square inch in compression, 
the ultimate shear stress would be approximately 1,460 lb. per square inch ; 
therefore, with a factor of safety of 4, the permitted stresses would be 115 Ib. 
per ‘square inch in tension, but 365 lb. per square inch in shear. In the 
case of ordinary beams, it is necessary, therefore, to limit the shear 

stress to 115 lb, per square inch also, because of the diagonal tension 

stress that occurs at the same time, Further, it is important to appre- 

ciate the fact that diagonal tension stresses can only occur across a plane 

_ that is diagonal, and that no tension stress or compression stress can occur 

across a horizontal plane in a beam. 

These facts have been somewhat obscured during the development of 
reinforced concrete, because regulations permit concrete to be reinforced 
in such a way that it will not disintegrate even after the concrete has 
cracked in diagonal tension. When the concrete cracks, the stresses 
re-distribute themselves completely and will adapt themselves to the 
resistance offered by the remaining material. For instance, if a concrete 
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beam is reinforced so as to act as a latticed girder, tension stresses will 
yccur after the concrete has cracked where there are tensile members, 
md compression stresses where there are compressive members. These 
sompression and tension stresses will be segregated and will occur locally 
it alternate points along the horizontal plane. (Fig. 3.) 

Tt might be said, therefore, that there are two stages :— 


(1) So long as the concrete is capable of taking the diagonal tension 
stresses, with a reasonable factor of safety, no vertical tensile 
stresses occur in the beam. 

(2) When the concrete is not capable of resisting the diagonal tension 
stresses, vertical tensile stresses may develop, which have to 
be taken by an adequate latticed system. 


Fig. 3 


LatticED ACTION IN CONCRETE Bram 


There are three methods by which the pre-cast and the in-situ concrete 
f the beam can be connected :— 


(a) By roughening the surface of the pre-cast concrete and by pouring 
the in-situ concrete on to it. 

(6) By means of projecting steelwork—stirrups or bent-up bars. 

(c) By providing a mechanical grip in the concrete itself. 


(a) No test results are available regarding connexion by adhesion 
o a rough surface, and, whilst this method is frequently suggested, it is 
ot to be recommended unless more definite data from actual tests become 
vailable. Even with such information available, the term “ rough ”’ is so 
‘ague, that it might be dangerous to use test results as the basis for com- 
aon practice unless the permitted shear stresses are assumed to be ex- 
remely low. An exception to this is the case where the shrinkage of the 
oncrete can be relied upon to produce the necessary bond. Shrinkage 
roduces such a bond with round-bar reinforcement, and in some cases 
re-cast units are of such a shape (see Fig. ¢) that the in-situ concrete, 
yhen shrinking, exerts the same pressure on the pre-cast concrete as on 
einforcement, thus producing a reliable bond. Again, test results are _ 
ot available to substantiate this, but the test described by Abeles! might _ 


e considered to be sufficiently conclusive. 


_ 1 The references are given on p. 243, 
er 
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(b) If projecting steelwork is used, it is equivalent to assuming. that 
separation may take place between the pre-cast and in-situ concrete, and 
that the steel reinforcement is strong enough to take all stresses which 
would occur. In other words, the steel in this case would have to be 
calculated in the same way as for ordinary reinforced concrete. 


Fig. 4 


In-situ concrete 


Pre-cast Untts LAID SIDE BY SIDE FOR BrRIDGE-DECK CONSTRUCTION 


(c) Castellations can be of any of the three types shown in Figs 5. 
Quite obviously, the one in Fig. 5 (b) is the best from a mechanical point of 
view, but the danger with this type is that the in-situ concrete might not 
fill the indentations completely. The type shown in Fig. 4 (a) is the best 
practical compromise. Such castellations are easy to produce and, as 
tests have shown, are quite effective. The castellations shown in Fg. 5 (c) 
are even easier to produce, but are much less effective because the diagonal 
tension stresses can act on the diagonal faces of the castellations. Three 
kinds of failure can take place in a castellated beam :— 


(1) Assuming that the bond between in-situ and pre-cast concrete 
is non-existent and the two parts rely on the mechanical 
grip on the vertical surfaces of the castellations, a horizontal 


shear action can occur across the castellations along either — 


line a-a or line b-b shown dotted in Fig. 5 (a). 


(2) If the vertical surfaces c are too small, crushing in compression 
could occur. This can easily be prevented by increasing the 
depth of the castellations to produce a greater compression 
area. 


(3) The third cause of failure might be a diagonal tension crack, 
shown chain-dotted in Fig. 5(a). On the vertical faces of the 
mating surface, where no compression occurs, the adhesion 

. between the two parts is very small and that part of the sur- 
face offers no resistance to shear or to diagonal tension. 
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The shear across line a-a or b-b is obviously twice as large 
as the shear in ordinary reinforced concrete, if the bond along 
the separating surface is assumed to be negligible. 


In view of the fact, as explained earlier, that the permitted shear stress 
is approximately three-and-a-half-times the permitted tensile stress, it is 
obvious that failure in diagonal tension will take place before failure in 
shear across line aabb. In computing the area of resistance to shear, the 


Figs 5 


(b) 


TyPrEs oF CASTELLATIONS 


depth of the castellations should be omitted from this calculation. If 
the depth of the castellations is y, the area of resistance against: shear is 
approximately (fd —y). It is usually sufficient to make this depth 
inch. 
~ These facts have been confirmed by the tests described in Appendix I. © 
The results of both calculation and tests show that a castellated pre-cast 
unit can be used to replace ordinary reinforced concrete where, in.accor- 
dance with calculation, the concrete is strong enough to take diagonal 


/ 
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tension and where the shear need not be taken by steel. Where steel is 
needed to take the shear it would still have to be used with a castellated 
unit, and in this case there is very little point in having the castellations. 


There is no difficulty in arranging the necessary steel to connect the pre- — 


cast and in-situ concrete even in those cases where the steel is not required 
to take the shear, but it means considerable extra cost and it will be found 
that the castellations, where applicable, are a much cheaper and equally 
efficient solution. 


Sizz oF UNITS AND TRANSPORT 


The pre-cast units in a composite construction are invariably much 
shallower than the full construction depth, and in fact, from an economical 
point of view, the tendency is to keep the units as shallow as possible. 
Automatically, this means a certain weakness during transport. For 
instance, in the case of a 4-inch slab, the pre-cast part would be only 1 inch 
or 2 inches thick, and whereas a 4-inch slab would be strong enough to take 
all stresses during transport, a slab 1 inch or 2 inches thick would have to 
be specially designed for transport as well as for its own structural purpose. 

In general, it can be said that it is difficult to handle a unit, the thickness 
of which is less than one-fortieth of its largest horizontal dimension. A 
construction that is made up of columns, beams, and slabs will naturally 
be sub-divided into these components and it will not, usually, be practical 
to cast a column and a beam as one combined unit. Flat slabs, even 


2 inches thick, cannot be made longer than about 6 feet. For this reason, 


special shapes have been developed, some of which are shown in Figs 6. 
The troughed units have been found to be extremely useful, particularly 
where a flat soffit is not required or where a false ceiling is to be introduced 
in any case. Such units can be 1 inch thick and derive their stiffness 
from their shape. These troughs become particularly rigid when the 
bottom lip of the trough is carried round all four sides and reinforced with a 
continuous-butt-welded bar. Such trough units can be made strong 
enough to carry, temporarily, the in-situ concrete and the.concrete-barrows 


_used during concreting, so that temporary scaffolding is not required. 


Where flat soffits are required, for architectural reasons, T-, U-, or 
box-shaped sections are more suitable. The T- and U-sections result 
in a solid slab which is rather heavy, and this often makes them un- 
suitable for light constructions. The box-section is more expensive to 


produce but it gives a lighter slab and has been widely adopted for pro- 


prietary floors, 
Pre-cast beams should extend up to the soffit of the floor slab only, 


This may make them extremely shallow, and if necessary they can be 


stiffened by introducing into them the stirrups for the whole beam and 
even the top reinforcement also, Furthermore, diagonal bars can be 
introduced to make a latticed girder out of the steel reinforcement, or 


*» 
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Figs 6 


Ly» —| 


Pre-cast Untrs SUITABLE ror HanpLING 


some of the stirrups can be placed diagonally. (See Figs 7 (a) and (b).) 
This will give the pre-cast section greatly increased stiffness during 
transport. 

The stirrups can also be used to hold the pre- -cast floor units in position 
until the in-situ concrete has been poured. For practical reasons, there 
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BENT-UP BARS AND STIRRUPS SPOT-WELDED TO TOP REINFORCEMENT 
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VERTICAL AND INCLINED STIRRUPS SPOT-WELDED TO TOP REINFORCEMENT 


Usz or Stirrups AND Tor REINFORCEMENT FOR STIFFENING DURING ERECTION 
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should be no mechanical connexion between the floor units and the beams. 
Further continuity bars can be added before the in-situ concrete is poured. 


Tue Use or PRE-STRESSED CONCRETE IN ComMPosITE CONSTRUCTION 


In simply supported pre-stressed-concrete beams, the lower part 
constitutes the tension zone. If this lower part is pre-cast and pre- 
stressed in the factory—and this can be done by any of the known methods 
of pre-stressing—the tension is concentrated at the place where it is most 
efficient, and the minimum amount of tension reinforcement is required. 
Table 1 compares the quantity of steel required with the cost of different 


TABLE 1 


EXAMPLE TAKING «= 8, B=8 
TYPE OF BEAM DESCRIPTION TOTAL COST 
OF STEEL | cosT | SAVING AGAINST R.C. 


Reinforced concrete 


Pre-stressing wires 
at lower edge.of 
middle third 


Pre-stressing wires 
at lower edge of beam 
M.S. reinforcement at top 


|-section 


Pre-stressing wires at 160 a 
025d below centre 


Lower part of beam below 
neutral axis is pre-stressed 
independently 


Lower part of beam 
containing reinforcement 
is pre-stressed independently 
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methods, and also shows that the saving in steel, by adopting pre-stressing, 
can be as much as 50 per cent, as compared with a non-composite pre- 
stressed beam; this is additional to the purely practical advantages 
which have already been discussed. 

In Table 1 the following types of pre-stressed construction are com- 
pared, and are amplified in Appendix II, and in reference 2 :— 


(A) Rectangular pre-stressed beams. 

(B) Pre-stressed beams of I-section. 

(C) Rectangular pre-stressed beams with mild-steel reinforcement at 
the top. 

(D) Composite beams having a pre-stressed web, or T-section. 

(E) Composite beams having a pre-stressed plank at the bottom. 


Fig. 8 


CompositE PRE-STRESSED ConcRETE CONSTRUCTION WITH PRE-STRESSED INVERTED 
T-Szections anp In-Situ ConoRETE FILLING 


Fig. 9 


In-situ or composite slab 


‘Composirz Pru-sTRESSED CONCRETE WITH PRE-STRESSED INVERTED T-SECTIONS 
AND Pre-cast or In-Situ SLAB 

The results correspond exactly with the Author’s own experience, par- 
ticularly for spans of between 20 feet and 40 feet, and this seems to indicate 
- that composite pre-stressed beams are economical compared with steel and 
reinforced concrete, whilst non-composite pre-stressed concrete often does 
not appear to be economical. 

In practice there seem to be three types of composite pre-stressed 
concrete constructions, and these are shown in Figs 8, 9, and 10. The 
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construction shown in Fig. 8 consists of a number of pre-stressed T- 
sections, set side by side, to be filled in with in-situ concrete to form a slab. 
The webs of the tees in this case are not particularly useful for pre- — 
stressing, but they serve the following purposes :— 


(a) The shear area is very much increased ; and particularly by — 
having the bulb at the top of the Tee, the bond between the 
pre-cast and in-situ conerete can be considerably improved 
since the shrinkage of the concrete will cause it to press against 
the bulb. . 

(b) During transport, the pre-stressed unit is stiffened by the webs. 

(c) An increased resistance to shear is obtained in the web due to 
pre-stressing. 

However, this last point will not be of great importance because if a 
horizontal section is taken through the centre of the slab, only a small part 
of it is pre-stressed, and the majority is ordinary concrete. 


Fig. 10 
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Pre-cast pre-stressed soffit 


ComposiTE PRE-STRESSED CONCRETE WITH LOWER Part or TENSILE ZONE 
PRE-STRESSED 


This construction would appear to be suitable for bridges, etc., where 
the live load is so heavy that a comparatively heavy dead load is im- 
material. Several constructions have been carried out on these lines, 
both here and on the Continent. Examples are given later in the Paper 
under the heading “‘ Applications.” 

The construction illustrated in Fig. 9 is carried out here and on the Con- 
tinent. It can comprise either individual beams or rib-and-slab con- 
struction. 

Where the ribs project below the actual slab, either a false ceiling is 
used, or burnt clay units are introduced to give the appearance of a solid — 
slab, but this does not affect the principles of the construction. The main 
advantage here is that an economical section, resembling an I-section, is — 
achieved, the cast-in-situ concrete forming the top slab, and the bottom 
flange and web being pre-stressed. For the pre-stressing of the T-section 
see the text referring to Fig. 8. Provided that there is sufficient pre- — 


stressing in the web to take the increased shear stresses, advantages may — 
be gained in this direction. 
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However, the difficulty as a rule is that economical pre-stressing is 
done in such a way that the stress near the top of the tee is zero or even 
negative, and if this is so there is no advantage to be gained for the shear 
stresses from the pre-stressing. 

Almost invariably the connexion of the pre-stressed member to the 
top flange has to be effected by means of steel because the very small 
mating surface does not usually allow the transmission of shear stresses 
by the concrete. Where the section is wide enough, castellations can 
be introduced instead of steel, but where steel is used to transmit the shear 
from the web to the top slab, the same steel might as well be used as shear 
reinforcement in the actual web, thus cancelling out the advantages of the 
pre-stressing in this direction. 

For small beams it is useful to pre-stress a rectangular web (see Fig. LJ, . 
which in principle does not differ from Fig. 9), but the tensile wires have 
to be accommodated in the web itself. 


Fig. 11 


In-situ or composite slab 


Beam pre-stressed at 
lower edge of middle third 


CoMPosiTE PRE-STRESSED CONCRETE WITH RECTANGULAR WEB PRE-STRESSED 


The third type of composite construction is one that has been used 

repeatedly for multi-storey buildings, often allowing the omission of 
intermediate columns, and thus effecting economy. The method can be 
‘used with any of the known types of pre-stressing, although tests have been 
carried out only on the bonded method (see Appendix IV). In the con- 
struction shown in Fig. 10 it is only the lower part of the tensile area that 
is pre-stressed, and no attempt has been made to produce a pre-stressed 
web. The advantages of this construction are particularly apparent where 
it is necessary to introduce a wide but shallow beam. It should be noted 
here that such a wide shallow beam in pre-stressed concrete is often more 
economical than a deeper beam, whereas in ordinary reinforced concrete 
the opposite would be the case. 

_ Owing to the great width of the pre-stressed soffit, the shear stresses 
are rarely above those permitted in ordinary reinforced concrete, so that a 
beam, with castellations, can be employed. Where necessary, of course, 
stirrups or bent-up bars can be cast into pre-stressed units, projecting up 

into the in-situ part of the structure. i pert 
This method has been used extensively for floor constructions in 
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Switzerland and in France. Examples are given later in the Paper 


standard pre-stressed units which could be employed under conditions — 
where different bending moments arise. Two units were 32 inches deep, — 
and the third was 3} inches deep, and all varied in width and steel content. 
For their standard calculations, see Appendix III, which also shows 
typical applications for various bending moments. Some very interesting 
results have been obtained from a loading test carried out at the laboratory 
of Messrs R. H. Stanger on a T-beam. The beam was made up of a — 
pre-stressed flange, reinforced with sixty 10-gauge wires, and in-situ con- — 
crete to form the web and complete the top part of the flange. (See Fig. 43 

. in Appendix IV, where the test is described.) The test showed again that 
castellations, between the pre-stressed soffit and the in-situ concrete, work 
efficiently. 

As can be seen from the test results, final failure took place at almost 
exactly the calculated stress. Also, the first hair cracks appeared in the 
unit when, according to calculation, the pre-stress was a little more than 
offset by the tension in the bottom due to load. 

This indicates that the method of calculation is representative not 
only of the actual stresses that occur, but also of the factor of safety. 
In this respect the composite construction varies considerably from the 
usual method using pre-stressed concrete, when the whole of the beam is 
pre-stressed. With the latter method the neutral axis moves upwards 
from the bottom edge if the load is increased beyond the design load, with 
the result that the steel stress is reduced and the concrete stress is increased, 
as compared with the calculated stresses assuming the neutral axis to remain 
at the bottom edge of the beam. This provides a hidden factor of safety (so 
far as the steel is concerned), which is not there if only the tension zone is 
pre-stressed. On the other hand, with the usual pre-stressed construction, 
the factor of safety on the compression is reduced, but it remains the same 
when only the tension zone’ is pre-stressed, until the stress in the steel 
exceeds substantially the limit of proportionality (for practical purposes 0-1 
per cent proof stress). After that, of course, the neutral axis must rise in any 
case, as in ordinary reinforced concrete. Even then, the rise in the com- 
posite construction is very much smaller than in ordinary construction, with 
the result that final failure in a composite beam (with only the tension zone 
pre-stressed) will take place first in the steel; whilst with the more usual 
type of pre-stressed concrete, it will take place first in the concrete. This 
was confirmed in the test, since the cracks reached the top flange but did | 
not penetrate into it, even at failure. - . 

The test beam showed 97-per-cent recovery after 114 per cent of the 
design load had been applied. It still showed a recovery of 95-6 per cent i 
after the steel had been stressed to 98 tons per square inch—6 per cent 
above the guaranteed 0-1-per-cent proof stress. 
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From this, it appears that in calculating the factor of safety for this 
type of composite construction, it is less important to refer to the proof 
stress than to the ultimate stress, and it is suggested that the design stress 


in the reinforcement be limited to ié of the proof stress or to of the 


ultimate stress of the reinforcement, whichever is the smaller. 

One special application of the.third type of pre-stressed unit can be 
found in continuous construction. It would be possible, of course, to use 
pre-stressing merely for the positive moment, while the negative moment 
was taken by ordinary mild-steel reinforcement. (See Fig. 12.) This 
would not be very logical, particularly as the negative moment is usually 
larger than the positive moment, and a method has been evolved by 


Fig. 12 


Contrinvous Bram witH NEGATIVE MoMENT TAKEN BY MILD-STEEL 
REINFORCEMENT 


which similar units to the pre-stressed soffits are used as top reinforce- 
ment for the negative moment only. Such a construction is shown in 
- Fig. 13 (a). : 

A special problem to be dealt with is that the pre-stressed soffit-would 
be submitted to additional compression stresses near the end where the 
“negative moments occur. To counteract this, a combined soffit was 
- produced (see Fig. 13 ()), consisting of shorter pre-stressed units, made 
up with ordinary concrete near the ends so that the centre part of the 
beam, between the points of contraflexure, is pre-stressed, but the parts 
which may receive additional compression are not. The problem is 
simplified by using several pre-stressed soffits side by side, staggered 
against each other to allow for a change in bending moment which might 
_ cause the points of contraflexure to move. This is similar to the curtailing 
_ of bars in ordinary reinforced concrete. 

One general point should be noted, which is borne out by the calcula- 
tions in Appendix III. When using pre-stressed concrete together with 
ordinary reinforced concrete, the moduli of elasticity are not the same 
and this fact must be taken into account for realistic calculations of 
deflexions. 

It is well known that, for good concrete, the modulus of elasticity 
immediately after applying the load is in the neighbourhood of 6,000,000 
Ib. per square inch, but under a load which remains steady for a considerable 
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time the apparent modulus of elasticity is very much smaller owing to 
creep. 

Tt would often be correct to calculate the deflexion due to live load — 
using a modulus of elasticity of 6,000,000 Ib. per square inch, and the 
deflexion due to dead load using a modulus of elasticity of 1,500,000 Ib. : 

er square inch. sntotsis | 
; However, in pre-stressed concrete the situation 1s considerably different 
because the creep in the pre-stressed member acts against the bending 
moment. In a beam with a pre-stressed soffit which is stressed by the 


Figs 18 


Three pre-stressed soffits, Pre-cast concrete | 
7}"x 4"x 17'-0" 


(c) 
Three pre-stressed soffits, 


Contrnvous Bram wir PRE-sTRESSED SOFFITS USED TO TAKE THE NEGATIVE _ 
AND PosrttvE Brenpinec MoMENTS | 


dead load to half its capacity, there is still compression in the soffit, tend-— 
ing to shorten the beam at any time, and not to lengthen it. The apparent 
modulus of elasticity of this bottom part tends to be very much higher 
than 6,000,000 Ib. per square inch; it may even be infinite and it may 
even be negative. In other words, it is quite possible that a pre-stressed 
beam has an upward deflexion due to creep during the period when only 
dead load acts, and this has been proved in practice. To incorporate this 
in the calculation, a reasonable knowledge of creep should be available, 
and this is complicated by the fact that the creep really depends on the 
age of the concrete when the unit is pre-stressed and the cast-in-situ 
concrete poured. 

If there is any doubt about the creep, a modulus of elasticity of 6,000,000 
Ib. per square inch can be used for the pre-stressed part, which would 
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definitely be on the safe side. For the in-situ part it would then be 
reasonable to use the values given for dead and live load. 


APPLICATIONS 


There are a number of proprietary floors on the market which make 
use of composite construction, some of which are Milbank, Myko, Stahlton, 
Triad, Poutrelle Prima-Rex, and other French floors. Of these, the ones 
making the most use of composite construction are those in which the 
beams, as well as the slabs, are composite, such as the Poutrelle Prima-Rex 
floor which is shown in Fg. 14. Fig. 15 shows beams and slabs at the 
Hatfield Technical College during construction. The beams here are 
trussed beams with a pre-cast concrete upper chord, pre-cast concrete 
struts, and a mild-steel-flat lower chord. The trussed beam is simpler to 
mould than a latticed construction, yet it retains the advantages of latticed 
construction and, at the same time, any bending moment arising from one- 
sided load can easily be taken by the upper chord. With these particular 
beams the upper chord is 74 inches deep, but the floor slab consists of 
troughs with 14-inch topping. The aggregate thickness of the floor is 44 
inches so that only the lower 3 inches-of the beam is pre-cast. The beam is 
7 inches wide. As can be seen from Fig. 15, the stirrups and top bars 
give the units added stiffness during transport. 

The trough units, used for the floor slab, were calculated to take the 
dead weight of the in-situ concrete, acting as beams on two supports, 
and spanning between the beams. They serve, as part of the finished 
floor slab, to take the live load, and the finished floor slab, comprising 
pre-cast troughs and in-situ concrete topping, is continuous. All the 
positive steel for the floor slab is in the troughs, the negative steel for 
continuity being added in the in-situ concrete. Fig. 16 shows the con- 

-nexion between a trussed beam and a column. A slot is arranged in the 
upstanding part of the tie member which fits over a plate projecting from 
the column. Square wedges are driven into the two holes to take both the 
vertical force and the bending moment caused by wind forces. The whole 
connexion is completely covered afterwards by the in-situ concrete; in 
this manner a sufficiently tight fit between steel and concrete is guaran- 
teed to ensure the transmission of stresses from one to the other. 
Fig. 17 shows a system of main and secondary beams, consisting of 
pre-cast concrete arches, which is used for a factory for Messrs Colodense 
Ltd, at Bristol. The main arch spans between columns 33 feet 4 inches 
apart, and in turn carries secondary arches of similar type. Floor troughs 
of the type already described span between the upper chords of the 
secondary arches. Again, only 3 inches of the upper chords of the arches 
were pre-cast, the remainder being part of the in-situ topping. As with 
- the Hatfield College, the in-situ concrete covers all connecting bolts, etc. 


240 SAMUELY ON SOME RECENT EXPERIENCE IN 


PRE-STRESSED CONCRETE 


Fig. 18 shows a series of pre-stressed units, T-shaped, with bulbous 
heads, laid side by side to form the structure of a railway bridge at Gilroyd 
Lane on the Worsborough Branch. The units are afterwards covered 
with solid concrete with nominal reinforcement for a thickness of 4 inches. 
Details of this and other bridges have been given by P. W. Abeles.» % 4 


Fig. 19 


Dimensions are in 
centimetres 


SECTION THROUGH Roor oF A Coat BUNKER 


The Eastern Region of British Railways has adopted this type of construc- 
tion extensively. Similar bridges have also been carried out on the 
Continent, notably in Germany and near Gram in Denmark. 

There are several variations of this type of construction, for example, 
the cross-section shown in Fig. 19 has been used on several occasions in — 


Fig. 20 
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imensions are 
in centimetres 


SEcTION THROUGH AVALANCHE GALLERY (Swiss Rarnways) 


Switzerland.®~ In the type shown in Fig. 18, a rather thick slab is suitable 
only in cases where there are such heavy live loads that the dead load be- 
comes negligible in proportion. The construction shown in Fig. 19, on the _ 
other hand, has less weight in the slab and is more suitable for ordinary 
floors. Other examples, calculations for constructions of this type, and 
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Fig. 15 


Harrietp TECHNICAL COLLEGE DURING OONSTRUCTION SHOWING TRUSSED 
BrEAMS AND TrovuGH Units 


Fig. 16 


HATFIELD TECHNICAL COLLEGE. CONNEXION BETWEEN A TRUSSED BEAM AND 
PreE-cast COLUMNS 
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Faorory at Bristol SHOWING PRE-cast ConcRETE ARCHES USED AS MaIN AND 
SECONDARY BEAmMs ; 


RatLway BRIDGE AT GILROYD LANE USING T-SHAPED PRE-STRESSED UNITS 


Fig. 21 


PRE-STRESSED Composite REAM USED For A Factory aT Bristou 


Fig. 22 


PRE-STRESSED COMPOSITE BEAM FOR AN ASSEMBLY HALL 
OF A ScHooL In East LONDON 


Fig. 23 


Construction or 4 ScHoot Dinina HaLy, sHOwING PRE-STRESSED SOFFIT AND 
Pre-oast INVERTED TEES BEFORE PLACING OF WoopwooL SiaBs AND In-Srtu 
CONCRETE 
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Dininc-Hati ConstRuUCcTION SHOWING FLAT CEILING 


Fig. 25 


Smatt-Span BRIDGE IN SWITZERLAND USING PRE-STRESSED SOFFIT 


Fig. 26 


PRE-STRESSED BEams (MaGNEL METHOD) USED FOR QuEEN Mary CoLuEae, 
LonDon 


StaHLTon FLooR ConstRUCTION 
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Fig. 31 


DIAGONAL AND HorizonTAL Cracks In BEAM TyPE 1 


Some Concrete REMOVED FROM SipE or Bram TyPE 1, SHOWING THAT 
PENETRATION OF HorizonTaL CRACK WAS ONLY 1 INcH 
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details of tests are given by P. Soutter? and Dr P. Lardy 8 of Zurich; a 
characteristic example is the gallery against avalanches for the Swiss 
Railways, shown in Fig. 20. 

Castellated pre-stressed planks are particularly useful for multi-storey 
buildings where the headroom is very restricted. Fig. 21 shows beams of 
27-feet span used for the above-mentioned factory at Bristol. The overall 
depth of the beams is 12 inches, the thickness of the pre-stressed plank 
being 4 inches and, since the total thickness of the troughs and in-situ 
concrete forming the slab is 54 inches, this left a gap of 24 inches between 
the plank and the soffit of the floor slab. This 24 inches was made up by 
distance pieces on which the floor troughs rested. The in-situ concrete 
finished-off both beams and slab. For a section of this beam see Fig. 10. 

Additional pre-stressing in the plank was achieved by giving it an 
initial upward camber, that is to say, converting a uniformly distributed 
tension stress into one which went from zero at the top to the maximum 
at the bottom. 

The pre-stressing wires were arranged accordingly so that their centre 
of gravity coincided with the third point. 

A pre-stressed beam of this type, spanning 32 feet, which was used for 
the assembly hall of a school in East London, is shown in Fig. 22. In this 
case secondary beams span between the main beams, to which plaster- 
board is fixed on the underside to provide a false ceiling. The secondary 
beams carry woodwool slabs on top of which in-situ. concrete is 
cast. 

Again, the in-situ concrete forms the upper part of the beam with the 
pre-stressed plank, and distance pieces were used to fill the gap between the 
woodwool slabs and the pre-stressed planks. 

Another application of the same method has been used for the dining 
hall in another school and is shown in Fig. 23. . The main construction is 
the same but the secondary beams have been made from inverted tees 
covered with woodwool slabs and in-situ concrete, so that a flat ceiling was 
obtained, as shown in Fug. 24. 

Pre-stressed soffits have also been used for small-span bridges in 
Switzerland,® as shown in Fig. 25 (note the castellations). 

Fig. 26 shows beams for the Queen Mary College in London. The 
_ beams were pre-cast up to the underside of the floor slab and then post- 

tensioned in position. The floor slab was cast after the post-tensioning. 
In this way some of the practical advantages of composite construction 
were combined with the advantages of pre-stressed concrete. One type 
of floor that has not yet been carried out in Great Britain, but which is very 
popular in France and Switzerland, is the Stahlton floor®, which works on 
the same principle as the pre-stressed planks. With the Stahlton floor, 
however, which is shown in Fig. 27, clay units with ribbed tops are laid out 
end to end, wires are inserted between the ribs, and the line of units is 

pre-stressed. The area around the wires is then filled with concrete. 
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In this way a “ plank” is produced, not from concrete but from tiles. 
Hollow tiles are then laid between these “ planks” and in-situ concrete 
poured on top. In this case all the shear stresses are taken by mild-steel 
stirrups which project from the tiles into the in-situ concrete, (The 
photograph is slightly misleading; the in-situ concrete actually covers 
the hollow blocks.) 

Figs 13 show a continuous floor, constructed for a superload of 600 Ib. 
per square foot on a 30-foot span. Ribs were arranged at 4-foot-2-inch 
centres, each rib being made up from a pre-cast plank, with in-situ concrete 
on top. Each plank consists of three pre-stressed units, laid side by side, 
staggered against each other, so that the positive bending moment is well 
covered in the centre, but beyond the points of contraflexure only a part 
of the cross-section is pre-stressed. 

In this way, overstressing of the concrete, caused by additional com- 
pression at the bottom resulting from the bending moment, is avoided. 


For the negative moment over the supports, three single pre-stressed units. 


were used, side by side, very much in the manner of reinforcing bars, as 
shown in Fig. 28. These units were spaced a little distance apart so that 
concreting could be carried out between them. 

The pre-stressed units were stressed by the Hoyer method and the wires 
were left projecting each end to ensure a good bond between pre-stressed 
units and in-situ concrete. Non-reinforced pre-cast arched units formed 
the side shuttering for the ribs and also the shuttering for the floor slab. 

One application of composite construction, which may assume greater 
importance in the future, is in shell construction, particularly for cylindrical 
or prismoidal shells. With these constructions, there is severe tensile 
stress at the bottom which extends over only a very small part of the 
section. In a number of cases, it is useful to pre-cast and pre-stress 
only this part, that is, the part of the structure that looks like a projecting 
beam, The remainder of the constructions can then be carried out in-situ. 
An example of this is in the hangar constructed at Karachi.10 
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APPENDIX [| 


REPORT ON THE SHEAR TESTS CARRIED OUT AT THE WORKS OF THE LIVERPOOL 
ARTIFICIAL STONE Co., Lrp 


The tests were undertaken in order to determine the strength of various composite 
beams listed below, both absolute and when compared with a reinforced-concrete beam 
of the same overall section. 

In order that the beam should fail in shear before failure due to bending occurred, 
it was necessary to test comparatively short beams and a length of 5 feet between 
centres of supports was selected, with two point loads each 21 inches from the supports. 

The point loads were distributed over a length of 12 inches in order that the maxi- 
mum shear and the maximum bending moment should not coincide, and to produce an 
arrangement more similar to uniformly distributed loading. 


Fig. 29 


This beam substituted by 
an R,.S.]. for Tests 3 and 4 


ARRANGEMENT FOR SHEAR TESTS 


For beams Types 1 and 2, a pair of beams of each type were tested together. They 
were supported at the ends by two end frames and jacks were introduced between them 
at the required points to produce the loads as shown on Fig. 29. For beams Types 3 
and 4, it was found easier to test one beam of each type with a rolled steel joist. 

_ Four t were cast, as shown in Figs 30. Each beam had an overall depth of 
9 inches and a width of 15 inches and was 6 feet long. ; ; 

Beam Type 1.—Composite beam made up of a pre-stressed soffit and in-situ topping. 
The soffit was 15 inches wide and 3} inches deep, excluding castellations which were 
2 inch high and 13 inches wide, so that there was a strip 1 inch wide on each side with- 
out castellations. The soffit 


was reinforced with sixty wi tressed 
to 58 tons fee square inch, EE RAR Rad eee 


Beam Type 2.—Normal reinforced-concrete beam, reinforced with sixteen §-inch- 
diameter bars, the centre of gravity of which was 135 inch from the bottom of a ieeak 
so that this almost coincided with the centre of the wires in the pre-stressed soffit. _ 

Beam Type 3.—Composite beam similar to Type 1, but with the castellations on 
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ao gern soffit extending across the whole width of the beam (that is, 15 inches 
wide). 
Beam Type 4.—Composite beam made up of a pre-cast reinforced-concrete soffit, 


15 inches wide and 33 inches deep, reinforced with sixteen g-inch-diameter bars and 


with castellations 15 inches wide. 

The reinforced concrete, both for the ordinary beams and the topping of the pre- 
stressed units was mix 1 : 2: 4, non-vibrated, with 3-inch aggregate and 2-inch slump. 
Beams Types 1 and 2 were tested when 19 days old and the compressive strength of 


Figs 30 
y= o> @insieu topping®-" *." 
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Pre-cast reinforced-concrete soffit 
Castellations: 15” wide x 4” deep 
Reinforcement: Sixteen §”-dia. bars 


BEAM TYPE 4 


: Pre-stressed soffit 

Castellations: 15” wide x 4” deep 

Reinforcement: Sixty 10-ga. wires 
BEAM TYPE 3 


BEAMS FOR SHEAR TESTS 


concrete, tested at 21 days, was 2,820 lb. per square inch. Beams Types 3 and 4 were 


tested when 14 days old. 
Full details of the tests are given in Tables 2 to 5 (see pp. 247-250). 


OBSERVATIONS 


The reinforced-concrete beam Type 2 failed due to diagonal tension at about 430 Ib. 
per square inch, giving a factor of safety against cracking of $3¢ (4:3). (The design 
shear stress for a concrete mix 1] : 2: 4 is given in Codes of Practice No. 114 as 100 Ib. 
per square inch.) The result was very much in accordance with common experience. - 

Beam Type 1 ultimately failed due to diagonal tension. A. horizontal crack 
appeared between the in-situ concrete and pre-stressed soffit and was found to penetrate 
1 inch into the beam where there were no castellations. When testing beam Type 3, 
which had castellations over the whole width of the beam, there was no trace of 
horizontal cracks, and the beam failed in diagonal tension at 45 degrees over the whole 
depth of the beam in a similar way to the reinforced-concrete beam. 

_ On testing the first beam Type 3, a bond failure occurred with a load of 10 tons on 
the jacks and, after this, the beam then failed in diagonal tension. Because of this, 
the results were disregarded and another beam was tested. 

With the second beam Type 3, no bond failure took place and the beam failed in 
diagonal tension. The latter test compares favourably with the test on beam Type 1. 

Beam Type 4, the composite beam made up of a pre-cast. reinforced-concrete 
soffit and in-situ topping, failed in diagonal tension at 45 degrees. The diagonal 


246 SAMUELY ON SOME RECENT EXPERIENCE IN 


tension crack was continuous through the castellations at 45 degrees and there was no 
sign of horizontal cracking between the pre-cast soffit and the in-situ concrete. 

It is reasonable, therefore, when calculating the shear stress, to take the width of 
the area taking shear as the width of the castellations. On alternate vertical surfaces 
of the castellations there is no compression and little adhesion, so that the sectional 
area of the castellations cannot be considered to be effective in taking the shear. The 
depth, then, of the area taking shear must be considered equal to the lever arm minus 
the depth of the castellation. 

Using these facts, the calculated diagonal tension at failure for beam Type 1 was 
586 lb. per square inch, for beam Type 3, 477 lb. per square inch and for beam Type 4, 
415 lb. per square inch. These results compare favourably with the 430 lb. per square 
inch for the reinforced-concrete beam Type 2. 

Allowing for the fact that the castellations permit only half the length of the beam 
to be in shear (neglecting the bond between the in-situ topping and pre-cast soffit) the 
shear stress on the castellations must equal twice the diagonal tension. Since no 
horizontal shear failure occurred, the ultimate shear stress must be greater than twice 
the diagonal tension, : 

These tests confirmed the well-known fact that concrete can take considerably more 
shear than diagonal tension. The usual assumption is that the ultimate shear stress 
is Vct, where c is the ultimate compressive stress and ¢ the ultimate tension stress in 
concrete. 

Assuming a tensile stress of 400 lb. per square inch and a compressive stress of 
2,800 Ib. per square inch, that would give a calculated ultimate shear stress of 1,060 lb. 
per square inch. In beams Types 1, 3, and 4 the shear stresses on the castellations at 
failure, due to diagonal tension, were 1,172 Ib. per square inch, 954 lb. per square inch, 
and 830 lb. per square inch respectively. 

It is, therefore, necessary to distinguish between diagonal tension and shear 
whenever these two are not equal. They are equal for an ordinary concrete beam, but 
not for a castellated beam. In a beam with a castellated soffit the diagonal tension is 
completely independent of the castellations and cracks appear at approximately the 
same stress both in ordinary beam and a composite beam, The permitted shear stress 
in a castellated composite beam, however, should be at least twice the permitted 
diagonal tension. 


CONCLUSIONS 


1, Allthe composite beams failed in diagonal tension at stresses ranging from 415 lb. 
per square inch to 586 Ib, per square inch. There was no sign of any horizontal cracks 
even at the castellations. It can be concluded that a castellated composite beam 
acts like a normal reinforced beam and has a similar factor of safety against cracking. 


2. When calculating the shear stress in a castellated composite beam, the area of 
shear resistance must be taken as : 


width of castellation x lever-arm depth of castellation. 


3. The permitted shear stresses in a castellated composite b 
twice the permitted diagonal tension. EP Sieraces hese aie 
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TABLE 2 


Beam Type 1. (Tested at age of 19 days) 


Tension cracks 


In-Situ Topping 


Mix: 1: 2:4 unvibrated. 
Strength at 21 days: 2,820 lb. per square inch. 


Pre-stressed Soffit 
15” x’ 32” with castellations. 
13” wide x 4” deep. 
Sixty 10-gauge high-tensile wires. 
Area of steel = 0-772 square inch. 


Shear Resistance 


Permissible shear stress = 100 lb. per square inch. 
Width of area taking shear = width of castellations = 13 inches. 
Depth of area taking shear = lever arm — depth of castellation 


= 5-51 = 0-50 = 5-01 inches, 


Shear force _ diagonal tension at supports. 


13 x 5-01 


~ ‘Test Results 


Load: tons | ghear stress : | 


Ib./sq. in. Remarks 
1 2 
14 14 483 Tension cracks in pre-stressed soffit at centre of 
beam 1 
17 ey 586 Diagonal tension and horizontal shear cracks in 
beam 1 as shown in Fig. 31 (facing p. 241). 
Jacks dropped back to 15 tons. 
we 18 18 621 Diagonal tension cracks penetrated whole depth. 
e Impossible to increase load on jacks. 
0 0 0 On unloading, horizontal crack was found to pene- 


trate only 1”. See Fig. 32 (facing p. 241). 
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TABLE 3 


Beam Type 2 


In-Situ Concrete 


Tested at age of 19 days. 

Mix: 1:2: 4 unvibrated. 

Strength at 21 days: 2,820 lb. per square inch. . 
Top steel: two }”-diameter bars. 

Bottom steel: sixteen 3”-diameter bars. 

Stirrups: }’-diameter at 6” centres. 


Shear Resistance 


Permissible shear stress = 100 Ib. per square inch. 
Area taking shear = width of beam X lever arm = 15 X 5:52 square inches. 
shear force 


Shear stress = 15 x 562. 


Test Results 
Load : tons Shear stress : 
1b./sq. in. Remarks 
1 
12 12 325 Crack heard. 
16 16 432 Diagonal tension crack No. 1 appeared as shown in 


Fig. 33, and jacks dropped back to 15 tons. 
18 18 486 Cracks Nos 2, 3, 4 appeared. 


@ TAA, 
WVag NI HOVYQ NOISNGY, IVNODVIG) ANV 


“IUqg NI MOVED NOISNa, G dA], WAG NI MOVED NOISNU, IVNODVIG 


€ FdAy, Wvag “tiaa0g aassHuis 
“aud NI WOVYD NOISNE]T, 40 MAIA AAHLONY LIGI0g agssHaLs 


Dragonat TENSION CRACK IN BEAM TYPE 4 \ 


Fig, 44 


ARRANGEMENT OF APPARATUS FOR LOADING TEST 
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TABLE 4 


Beam Type 3 (Two beams tested) 


Beam No.| 


n-Situ Topping , 
Tested at age of 14 days. 
Mix: 1:2: 4 unvibrated. 


Pre-stressed Soffit 
15” x 32” with castellations. 
15” wide x 4” deep. 
Sixty 10-gauge wires. 
Area of steel = 0-772 square inch. 


Shear Resistance 
Permissible shear stress = 100 lb. per square inch. 
Area taking shear = 15(5-51—-0-50) square inches. 


shear force 
Shear stress = 


15 x 5-01 
Test Results 
| Load: tons | Shear stress : 
~ Tb./sq. in. Remarks 
1” 
Beam | 10 10 298 Appearance of tension crack No. 1 in pre 
No. 1 : stressed soffit at about 20” from end of 
beam, and diagonal tension crack No, 2. 
See Figs 34 and 35. No further load on 
jacks possible. 
haat 0 On unloading, tension crack No. 1 remained 
open. 
Beam | 16 | 16 477 Diagonal tension crack No.3 appeared 
No. 2 | throughout depth of beam at approx. 45°. 


V7 4 | | 
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TaBLE 5 
Beam Type 4 (Tested at age of 14 days) 


In-Situ Topping 
Mix: 1:2: 4 unvibrated. 


Pre-cast Soffit 
15” x 332” with castellations. 
15” wide x 4” deep. 
Reinforced with sixteen $”-diameter bars. 


Shear Resistance 
Permissible shear stress = 100 lb. per square inch. 
Area taking shear = 15(5-52 — 0-50) square inches. 
Satie shear force 
co 16x B08 


Test Results 


Load : tons Shear stress : 


Ib./sq. in. Remarks 
1 
12 12 356 Slight diagonal tension crack appeared in soffit. 
14 14 415 Diagonal tension crack extended over whole depth 
of beam at approx. 45°. 
See Fig. 36. 


No sign of horizontal cracks. 
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APPENDIX IT 
Costs or Stren. ror Various ARRANGEMENTS OF PRE-STRESSED BHAMS 


In construction A * the pre-stressed cables must be concentrated with their centre 
of gravity at the third point from the bottom of the beam. This produces the greatest 
compressive stress at the bottom, and no tension stress at the top. In Figs 37 the 
additional-stress diagram (due to loading) is shown and also the final combined 
diagram, which in the ideal case, brings the stress at the bottom to zero, and at the top 
gives the same compressive stress that is produced by the load. 

It can be seen that the centre of compression of the final diagram is at the upper 
third and, since all the tension is vested in the steel, the centre of tension must be at the 
lower third. In other words, the arm between the centre of tension and the centre of 

_ compression is one-third. This does not affect the compressive stress but it affects 
the quantity of steel required for the tension. Since the arm in normal reinforced 


Figs 37 


Compression 


BA ff 


¢ of pre-stressing Tension 
steel PRE-STRESS BENDING FINAL 
A B Cc 


TYPICAL RECTANGULAR PRE-STRESSED BEAM 


concrete is 0-84 of the effective depth, that is, between 0-75 and 0:8 of the full depth, 
much of the economy of pre-stressing is lost. In Table 1 this is shown under the 
_ following assumptions : ; 
permissible stress for high-tensile wire 


"permissible stress for mild steel 
cost of high-tensile steel including pre-stressing 
ies a cost of mild steel. 


One method used to increase the economy has been the attempt to use I-sections 
(construction B). In this case, it is possible to concentrate the steel at a much lower 
point and still have zero stress at the top. In fact, with a good choice of section, 

_ the centre of gravity can be at the quarter-point from the bottom. With asymmetrical 
section, the centre of compression in the final diagram (see Fig. 38) will then be at 
the quarter-point from the top and the lever arm will be one-half, which is an improve- 
ment but still considerably less than with ordinary reinforced concrete. _ 

Other methods of overcoming this difficulty have been to introduce reinforcement 
at the top of the unit (construction C) so that a tensile stress can be allowed at the top 
in the stressing diagram. (See Figs 39.) : 

In this case, the reinforcement can be arranged nearer the bottom and possibly at 
the corresponding place to ordinary reinforce concrete. However, the centre of 
gravity of the final compressive stress is not affected by this, and although additional 
mild steel is needed, the lever arm will not exceed 0:57 of the depth in the case of 
the rectangular section or 0-65 of the depth in the case of the I-section. - 


* See Table 1, p. 232. 


252 SAMUELY ON SOME RECENT EXPERIENCE IN 


A method which is more successful is that of using ordinary reinforced concrete to 
carry the dead weight and to post-tension the beam before the live load is applied. © 
In this case, before the post-tensioning commences, there is compression at the top and — 
tension:at the bottom, and it is possible, therefore, to have a stress diagram due to the 
post-tensioning with tension at the top and compression at the bottom. The tensile 


Fig. 38 
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Figs 39 
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Figs 40 
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steel can then. be arranged he the bottom surface. The optim i 

arrived at if the dead and live loads are approximately equ tee it means eG pe 
ee purposes, the pre-stressing is applied for half the safe load only, so that any 
xi hgascvan ne as halved. Further, this procedure is practicable only 

- joning and ca. é ly in bri 

ees or a very heavy dead load, usually found only in bridge 
_ It may be seen from Table 1 that the costs of reinforcement are V 1 reduced — 
in the two cases D and E, referring to composite construction. Dal cenee chase 
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of the steel is very near to the optimum point and, in addition, because the final-stress 
diagram does not extend over the whole section (see Figs 40), the centre of compression 
is approximately at the same point as it would be in reinforced concrete. In other 
words, the lever arm between the compression and tension is back to where it would be 
in normal reinforced concrete. ‘ - 


APPENDIX III 


STANDARD CALCULATIONS FOR COMPOSITE T-BEAMS USING THREE STANDARD 
PRE-STRESSED SOFFITS AND In-situ Concrete TopPrine 


Type Section Pre-stressing force in soffit after 
allowing for all losses 


A 223" x 33” 150,000 1b. 
B 154” x 32” 100,000 Ib. 
Cc 8” x 3h” 35,700 Ib. 


Allowable design stress in the pre-stressing material, after all losses have been 


accounted for, to be — of the ultimate breaking stress or 3 of the 0-1-per-cent 


proof stress, whichever is the smaller. 
For example, using the Hoyer system of pre-stressing with 10-gauge wires : 


0-1 per cent proof stress = 92 tons per square inch. 


ze X 92 = 57-5 tons per square inch. 


1-6 

Ultimate breaking stress = 124 tons per square inch. 
1 : ‘ 

5-95 * 124 = 55-0 tons per square inch. 

Therefore design stress = 55 tons per square inch. 

Initial pre-stress = 70 tons per square inch. 


For soffit type A, ninety-five wires were used. 
(95 X 0-0129 x 55 = 67-2 tons = 150,000 Ib.) 


When calculating the stresses in the beam due to dead and live loads, the use of a 
modulus of elasticity for the in-situ concrete of 1,500,000 lb. per square inch for the 
dead load, and 6,000,000 Ib. per square inch for live load together with 6,000,000 Ib. 
per square inch for the pre-stressed soffit, has been found to result in a deviation of 
about 5 per cent in the value of the stresses, compared with those calculated using 
a constant modulus of elasticity throughout. In the following calculations a constant 
modulus of elasticity has been used. When calculating dead-load deflexion, a value of 
1,500,000 Ib. per square inch must be used for the in-situ concrete. 
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Moment of Resistance | Depth from underside of 


of steel unit to centre-line of steel 
Type A  .1] 150,000 (d-2” — c/2) a 
TypeB  . | 100,000 (d-2” — c/2) 2” 
TypeC .| 35,700 (d-13” — c/2) 12 


Depth to Neutral Axis 
Neglecting concrete below slab : 


yn — Bosc? + byeld — 4e) 


byc + bee 
1 Ret + e(d — $e) : (1) 
ji Re+e 3 
where R= 3 


Moment of Inertia 


1= 3+ Fe + bet — He + a][n — §] if oe 


Case I—Type A Units as T-beams with 23-inch slab 
Width of flange = 6, = 22)” + 12 x 21” = 52)" 


Substituting for R = 33 = 2/35, equation (1) gives: 
n — (2:35 X 23 xX 4) + 32d — 33 x 9) 
(2-35 x 23) + 3} 
= 0-031 + 0:386d. 
Neglecting 0-031, n= 0-386d, 
Equation (2) gives : 


T= (24° x 52k X 3s) + (82 x 293 x oh) 4 524 x 24(d — 3-125)(0-386d — 1-25) 
= 50-4d? — 320d +- 675-8 
7, — 504d? — 320d + 675-8. , 
PMD Aig SOE ona. Garoke 
Assuming the steel to be fully stressed, when the beam is loaded, the M. of R. of 
the steel equals 150,000 (d — 2” — 1}") and the extreme fibre stress in the concrete is 
given by : 
» _ 150,000(d — 34) x 0-386d 
fe= 50-4d? — 320d + 675-8 1: Per square inch. . . . 4 (3) 


It can be seen that in a beam with the steel fully stressed, the depth of the beam 
determines the extreme fibre stress in the concrete, and their relationship is shown 
graphically in Fig. 41. 

The maximum value of the extreme fibre stress in the concrete, found by differ- 
entiating equation (3) with respect to d and equating the result to zero, is 1,680 lb. 
per square inch with a ee of 6-59 inches. 

, On ee et h from 6-59 ee the extreme fibre stress in the concrete 
ecreases from - per square inch to 1,140 Ib, inch with | 
depth as can be seen in Mig, 41. st aaa eda a 

Using amixof1 : 1} : 3(vibrated) for thein-situ concrete, the maximum permissible 
stress in the concrete (in accordance with the Code of Practice CP 114, 1948), is 1,375 — 
Ib. per square inch. In a beam with the steel fully stressed, the depths of the beam at 


Sy alk. 
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Fig. 41 


150,000 (d - 3 "386d 
L= J ees Ib. per square inch 


i 50°4d? - 320d + 675°8 


EXTREME FIBRE STRESS f, : LB. PER SQUARE INCH 


DEPTH OF BEAM d: INCHES 


which the extreme fibre stress in the concrete is 1,375 lb. per square inch are found 
from equation (3) : 
150,000(d — 34) x 0-386d 

50-4d? — 320d + 675-8 


Therefore d equals 17-1 inches or 4:7 inches, the latter value being neglected because 
it is less than the minimum practical depth of the beam. 

Therefore, on loading a beam of depth up to 17-1 inches, a maximum permissible 
stress of 1,375 lb. per square inch occurs in the concrete before the steel is fully stressed. 
The limiting stress is the concrete stress, and the M. of R. of the beam equals M. of R. 
of the concrete, which equals: 


(50-4d? — 320d + 675-8) 
0-386d 


On loading a beam of depth greater than 17-1 inches, the limiting stress is the steel 
stress, the maximum concrete stress being less than 1,375 lb. per square inch, and the 
M. of R. of the beam equals M. of R. of the steel, which equals 150,000 (d — 34) lb.- 
inches. 

For an economic use of steel, the steel should be fully stressed and to achieve this 
for a beam of depth up to 17-1 inches it is suggested that either the thickness of the 
slab be increased or a concrete used with a permissible stress of about 1,680 lb. per 
square inch. 

Similar results for other soffits are given in the following summary. 


1,375 = 


1,375 lb.-inches. 


SUMMARY 
Type A Unit: 24” slab T-beam. 
i __ 1,375(50-4d? — 320d + 675-8) ‘ 
d<17-1” M.ofR. 0:386d lb.-inches 
d>171” M. of R. = 150,000(d — 3:25) lb.-inches. 


Twin Type A Unit: 4” slab T-beam. 


1,376(116-5d? — 900d + 2,288) 4 x 
“2” SS eee I ,-incch 
d< 11-2” M.ofR. 0-79 4 0313¢, inches 


d> 11-2” M. of R. = 300,000(d — 4-0) Ib.-inches. 


re B Unit: 24” slab T-beam. 
a 1,375(38-1d? — 289d + 498) 
d> 8-38 M. of R. = 100,000(¢ — 3-25) 1b,-inches, 


—Dype C Unit: 22” slab T-beam. : 
oe any value M. of R. = 35,700(d — 3-0) Ib.-inches. 


lb,-inehes 


j/ 
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Applications : ; : — 
The same unit can be used with different depths of beam for various bending 
moments. Figs 42 show standard A, B, and C units together with cross-sections of 
beams for various bending moments ranging from 15,000 to 650,000 Ib.-feet. 
Figs 42 
UNIT TYPES 


A Section: 223"x 3}” deep 
Pre-stressing force: 150,000 Ib. 


B Section: 15}”x 33” deep 
Pre-stressing force: 100,000 Ib, 


C Section: 8"x 34” deep 
Pre-stressing force: 35,700 Ib, 


(ae 
ae Rg 


M = 200,000 Ib.-ft MM = 400,000 Ib,-ft 


[RSA OT 


nee 


M = 73,500 lb.-ft M = 130,000 lb.-ft M = 270,000 Ib.-ft 


7S 4 F =A aba ae 
t SA, 
M = 37,500 Ib.-ft M = 71,000 Ib.-ft M = 120,000 Ib.-ft 
——— ae * i : 
" = Lee & 
M = 15,000 Ib.-ft M = 26,750 lb.-ft M = 45,000 Ib.-ft 


“ oo 6 ? 
Sranparp “ A, B,” anp “C” Unrrs, TogETHeR with Cross-SECTIONS 
or Brams For Various BENDING MoMENTS 


Aprrnpix IV 


_ Report on a Futt-Scarz Loaprna Test on a Composit BEAM, CARRIED 
B our By R. Harry Sranczr on 23np NovemsBeR, 1951 


The test was designed to determine the ulti i i ite 
T-beam made up of pre-stressed soffit and tnsatt ones ange a chips si 

The composite beam, supplied by The Liverpool Artificial Stone Co., was 23 feet 
4} inches long, and of the section shown in Fig. 43. The pre-stressed soffit was 
15} inches wide and 3} inches deep, not including castellations, which were } inch 
high and extended over the whole width of the beam. Reinforcement consisted of 
sixty wires, 10-gauge, with a guaranteed ultimate breaking stress of 118 tons per 


square ey des a 0:1-per-cent proof stress of 92 tons per square inch. (Designed stress — 
in steel = 305 — 52-5 tons per square inch.) , 


se eS 
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The in-situ topping was of 1-1:}:3 mix, vibrated. The beam was tested at an age 
of 18 days, and the compressive strength of the in-situ topping at that time was 6,270 lb. 
per square inch. 


Fig. 43 


SECTION THROUGH ComPosITE BEAM FoR LOADING TEST 


In the test, the beam was simply supported over a span of 22 feet 44 inches and 
loads were applied at the fifth points by two jacks, the forces on the jacks being 
measured by means of proving rings. The arrangement of the testing apparatus is 
shown in Fig. 44 (facing p. 249). Measurements of the central deflexion were taken 
(see Fig. 45). 

The beam was first loaded up to 8-85 tons on the jacks, which was additional to a 
uniformly distributed dead load of 2-73 tons, equivalent to 1-14 times the design load. 
No cracks were seen and the deflexion was 0:29 inch. On increasing the load to about 
10 tons, tension cracks appeared in the pre-stressed soffit in the centre of the span. 

With a load of 12-4 tons, equivalent to 1-50 times the design load, on the jacks, 
the deflexion had increased to 1-196 inch and on removal of this load, the residual 
deflexion was 0-036 inch, showing a 97-per-cent recovery. 

The beam was then loaded to 16 tons (1-88 times the design load), and the stress 
in the wires calculated to be 98 tons per square inch (that is, 0-15-per-cent proof stress, 
or 1-065 times 0-1-per-cent proof stress), and the deflexion to be 2-5inches. The tension 


DEFLEXION: INCHES 


8 12 
LOAD: TONS 
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cracks in the soffit (in the middle fifth) were seen to be more numerous and they 
extended from the bottom of the beam to the underside of the slab. Upon removal of 
the 16 tons a residual deflexion of 0-11 inch showed a 95-6-per-cent recovery. 

The beam was then loaded to 18 tons and showed a deflexion of 3-75 inches, which 
remained constant until the load was increased. Upon further loading, a small number 
of wires were heard to break. Ultimate failure took place, with an applied load of 
19 tons, owing to the wires failing at a crack almost exactly in the centre of the beam. 
The crack, even at failure, did not extend into the compression slab. 

The deflexion at failure was approximately 44 inches, and the calculated stress in 
the wires 114 tons per square inch. 

Throughout the test there was no sign of any diagonal tension cracks at the supports 
or horizontal cracks between the pre-stressed soffit or in-situ topping. 


CoNCLUSIONS 


1. The test results are in accordance with the theory on which the calculations 
shown in Appendix III are based. The average stress of 114 tons per square inch in 
the wires at failure being 3-5 per cent less than the ultimate stress. 

2. The overall factor of safety is 2-17, which compares favourably with normal 


reinforced concrete. It can be concluded that the use of a design stress of —— of the 


1 
2-25 
ultimate breaking stress is justifiable. 

3. On consideration of the deflexion up to the point of cracking of the soffit, an 
average value of Young’s Modulus for concrete was calculated to be 5:5 x 10° Ib. per 
square inch. 

_ 4. The most important result is that it was confirmed that steel having no actual 
yield is superior to steel that yields, even beyond the actual pre-stressing when the 
beam acts like a normal reinforced-concrete beam, Present-day factors of safety on 
the compressive stress in reinforced concrete are sufficiently large to cover, with this 
‘type of beam, the increase in compressive stress due to the raising of the neutral axis 
when the strain in the steel is increased, so long as no actual yield takes place. 


Loapina Test—ReEsutts 
Using theory outlined in Appendix III 


DECEIT Tamer 


|1s-l 
Length of beam = 23’ 43” Before ki t 
span = 22! 44” i" as tg 
Ziop = 830 in.® 
Dead weight of beam Afte j 
= 2-73 tons = 6,120 lb. i Toe : 
: Zip = 603 in.® f2PPTOX. 


Pre-stressed soffit 
15}” x 3}” with castellations 15}” wide x 4” deep. 
Reinforcement : sixty 10-gauge wires. 
Area = 0-774 square inch. 
Ultimate breaking stress = 118 tons per square inch. 
0-1-per-cent proof stress = 92 tons per square inch. 


Design stress = 3-96 = 52-25 tons per square inch. ; 


Moment of resistance = 52:5 x 0:774 x 2,240 (13 — 3-25) Ib.-inches. 
70° = 883,000 Ib.cincheg Bs iseray 


4 
iain head aa ail 
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Loading at fifth points 


22'-4}” span 


Max. B.M. due to dead load = 206,000 Ib.-inches. 
» B.M. due toloading = (5 wi) = 90,800 Wp 
Where W 7 = total load on beam in tons. 
Deflexion due to applied loads up to point of ctacking of soffit = 0-01572 — 


For W = 4-4 tons, 1 = 22’ 44”, and @ = 0-141’ 
E = 5,500,000 Ib. per square inch. 


° 


wis 
EI 


TABLE 6 


: Calculated | Approx. 

Load: | Defléxion:| B.M.: stress in comp. in Remarks 
tons inches Ib.-in. wires : concrete : 
tons/sq. in. | 1b./sq. in. 


0 0 206,000 = 242 Initial conditions. 
4-4 0-141 606,000 — 732 
7-45 — 883,000 62:5 1,065 Design load. 
8°85 0:294 1,010,000 — 1,220 
10-4 0-584 1,152,000 — 2,290 Nifie tension cracks ap- 


peared in soffit in 
centre of beam at 
1:8 x design load. 


12:4 1:196 1,332,000 84:0 2,650 
0 0-036 206,000 — 249 97% recovery. 

12:0 1:140 1,296,000 — 2,580 

16:0 2-500 1,660,000 98-0 3,300 0:15% proof stress. 

No. of cracks increased. 

0 0-110 | 206,000 ms 242 | 95-6% recovery. 

16-0 2-625 1,660,000 -—- 3,300 

18-0 3-750 | 1,842,000 — 3,670 Deflexion remained con- 

stant at this load. 
19:0 4:5 1,932,000 114-0 3,850 Some wires were heard 


to break before ulti- 
mate failure took 
place. 


. Discussion 
* Mr John Cuerel agreed with the Author that in present-day circum- 


- stances, social conditions and so on, the battle between pre-cast concrete 


_ and in-situ concrete was tending to go in favour of the former—so much 
so that Mr Cuerel suggested that the Author was overstating the dis- 
advantages of pre-cast concrete. a speaking, factories making 


Ps 


ee 
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pre-cast concrete components were located at the source of the aggregate, — 
and in many cases had their own gravel pits or quarries. Moreover, the | 
factories were usually quite close to the source of cement, so that there 
was not very much in the point that transport was a factor adverse to the 
use of pre-cast concrete. 

The Author had also mentioned that there was a loss of general mono- 
lithic effect with pre-cast sections. Mr Cuerel questioned whether that — 
was in fact quite so bad as the Paper might seem to imply. He had 
himself: used pre-cast pre-stressed sections, for the deck of a jetty, in the 
form of planks 15 feet long and 44 inches thick, six of which were placed 
side by side to form a panel 14 feet 3 inches square clear; they had not 
been covered with in-situ concrete, but merely grouted together. A 
concentrated test load of 16 tons had been put on the centre panel, and 
there had been a deflexion of about 3inch. Although there had been a con- 
siderable overload, the grouted joints remained fully effective in connecting 
the planks, just tending to open at full load, but closing again on removal. 

Although he felt that the Author had overstated the disadvantages of 
pre-cast concrete, he agreed that in many circumstances the use of pre-cast 
and in-situ concrete together had very great advantages over either used 
exclusively. The Author had referred to adhesion and to the principal 
stresses. The question of the shear and principal stresses being equal and 
the principal stresses being at 45 degrees was based on the use of a simplified 
theory of bending, which pre-supposed that the member was of great 
length in proportion to its depth and that the point which was being 
considered was remote from the loads or supports. In actual fact, beams — 
were of considerable depth in relation to their span and often loads were 
near the supports. Mr Cuerel felt that at the junctions in the beams 
which the Author described, there was actually a vertical compression 
pushing the two parts together. 

The tests which the Author had described were most interesting, but 
probably the addition of a little nominal steel connecting the pre-cast 
section with the in-situ section would be of great benefit. The suggestion 
seemed to be made that the concrete took the whole of the shear up to 1001b. 
per square inch, and that when that reached 101 Ib. per square inch it 
should all be taken by the steel. Mr Cuerel thought, however, that the 

one could be graded into the other, and that the nominal steel he had 
_ suggested would be of great benefit in preventing incipient or progressive — 
failure at the junction. That should be, of course, in conjunction with — 
good bonding and, in such conditions, castellations might not be of much 
importance. ~ 

Certain pre-cast inverted T-sections were shown in the Paper which he 
thought might well be made more robust. He had used them on bridge 
beams for spans of 60 feet or longer, and by tapering off the top of the web 
one could get the wires to be concentric at the ends. That being so, a 
pre-cast section which was more robust to start with could take the whole 


COMPOSITE PRE-CAST AND IN-SITU CONCRETE CONSTRUCTION 261 


shear, and that was of great advantage in reducing the need for scrupulous 
keying of the in-situ to the pre-cast work. 

Dr Paul Abeles congratulated the Author on the pioneer work which 
he had carried out in introducing the type of composite construction 
described. He agreed that that type should be more economical than both 
ordinary reinforced concrete and pre-cast pre-stressed concrete. However, 
he disagreed with one very important point ; that was the approach which 
the Author had adopted towards the design of such composite members 
by considering them as ordinary reinforced concrete, the pre-stressed soffit 
being the reinforcement. 

There were three types of members composed of pre-stressed and in-situ 
' concrete. The first type was a pre-stressed reinforcement embedded in 
the in-situ concrete as, for example, at the top of continuous beams over the 
support shown by the Author. In that case Dr Abeles agreed that it had 
to be considered as reinforcement, since it formed only a small proportion 
of the tensile surface. In the second type, however, the pre-stressed pre- 
castcomponent comprised a substantial part of the tensile zone (for example, 


Figs 46 
1,060 1,300 
e, = 5°25" 
; 990 
Piss Sa aoe Se 
sh Ben s 
ae ae 700 
WORKING LOAD CRACKING LOAD 


(W = 9:6 TONS) 


ActTUAL Stress DistRIBUTION IN THE TEST BEAM DESCRIBED IN APPENDIX IV 


the entire soffit of a simply-supported beam) and acted together with the 
in-situ concrete as a homogeneous section like uniform pre-cast and 
_ pre-stressed concrete. That could be seen from the test results where, 
after previous loading up to 95 per cent of the ultimate loading, hardly 
any permanent deflexion remained on removal of the load, which did not 
occur with ordinary reinforced concrete. That indicated the behaviour of 
the type and one could not, in Dr Abeles’ view, simply ignore that property 
and, neglecting the in-situ concrete in the tensile zone, merely assume 
nominal stresses on the lines of ordinary reinforced concrete. 

In the third type almost the entire section was pre-stressed and only a 
small part was added in situ. 

Dr Abeles referred to tests carried out by British Railways, Eastern 
Region, described in reference 1, p. 243, which had proved the co-operation 
of the two parts of a composite beam until failure. 

Figs 46 showed the test the Author had carried out, investigated for a 
homogeneous section. Dr Abeles had considered a higher J-value than 
~ the Author, since the entire sectional area was taken into account. The 
tensile stress thus computed for the lowest fibre of the in-situ concrete was 


a 
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more than 800 Ib. per square inch at the working load, and approached 
1,000 Ib. per square inch at cracking, where the cracking load was assumed 
as 9-6 tons from Fig. 44. 

Based on the wrong approach, the Author had decided to call the 
E-values infinite or negative, when the composite beam remained horizontal 
or was hogging ; but in fact the Z-value must have remained the same in 
all cases of equal strength and stress. Hither the shrinkage in the added 
concrete was greater than the creep in the pre-stressed concrete, and there 
was sagging, or it would be the other way round and hogging would oecur 
even if the pre-stressed soffit was uniformly supported. In the event of 
the influence resulting from both shortenings being equal, the beam would 
remain straight. 

It was thus seen that such a composite beam was a partially pre-stressed 
construction with considerable tensile stresses under working load, which 
were, however, entirely harmless, as test results had shown. Any visible 
eracking would commence from the bottom fibre, where there were either 
compressive stresses or very low tensile stresses under working load. 
However, the Author had been very fortunate in having obtained, without 
difficulty, the approval of the authorities for his designs. He had achieved 
that by simply ignoring those appreciable though harmless tensile stresses, 
that was to say, by an incorrect approach. 

It was possible to apply the advantages of composite members also to 
pre-cast construction and to make them in two stages, the first part being 
pre-stressed, That solution had been suggested first by British Railways, 
Eastern Region. Figs 47 showed a comparison of four solutions for under- 
bridges, No. I was the usual type of a fully pre-stressed slab, requiring 


14 cables. The three alternative solutions II-IV represented pre-cast — 


composite solutions in which no tensile stresses occurred at the bottom 
fibre under working load, whilst the respective bending stresses in the added 
concrete were 750, 1,000, and 1,125 Ib. per square inch. The first stage, 
comprising a channel, contained in solutions II and IV post-tensioned 
cables (eight and five respectively), and in solution III pre-tensioned wires. 
The carrying capacities of all four cases were the same, and untensioned 
wires had to be added in cases II and IV. By that arrangement it was 
possible to halve the steel quantity, as could be seen from the Table. 

Mr G. P. Manning remarked that there was a composite jetty being 
constructed in the south of Kire which raised one or two interesting points. 
A diagrammatic section of it was shown in Figs. 48, The slabs sat on 
pairs of cylinders spaced 24 feet apart, the bents being at 35-foot centres 
along the jetty. The cylinders were of composite construction, comprising 
pre-cast tubular sections one on top of the other and filled with in-situ 
mass concrete, 

It had been decided to. make the deck composite by casting the main 


beams in situ and pre-casting the secondaries. There were two methods 
of doing that : one could cast the main beams in situ first and leaye pockets 
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Figs 48 
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24" 74" R.S.J. x 45'-0 


4°x 2” R.S.Cs welded to 
_ 4" 2" R.S.C.uprights 
max. span 7'-0" 


24"x 74” R.S.). x 45’-0" 


34"x 2h" x he” angle 
welded to 4°x 2” R.S.C. 
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JUNCTION or SECONDARY BEAM witH Matn Bram For ComposiTE JETTY : 


in them, and then place the pre-cast secondaries in those pockets afterwards, 
or one could place the pre-cast secondaries on the falsework with the ends — 
projecting, and then cast the main beam: in situ afterwards. The latter 
made a sounder job with simpler details, but the falsework would carry 
both the weight of the pre-cast secondaries and the weight of the main — 
beam, whereas in the former method there was more difficult detail, with a _ 
lopsided load, but the falsework carried only the weight of the main beam. - 
The next a was the shuttering for the deck. In order to avoid 
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timber shuttering it had been decided to use thin pre-cast slabs for shutter- 
ing, and it had originally been suggested that they should be cast as part 
of the secondary beam, as shown in Fig. 49 (a); but the contractor had 
adopted the usual method of simply enlarging the width of the secondary 
and putting the thin slabs across, spanning from secondary to secondary, 
which were at 8-foot—9-inch centres (see Fig. 49 (b)). 

Another interesting point was that the shuttering for these pre-cast 
secondaries was neither timber nor steel, but consisted merely of two solid 
blocks of concrete, with a device for pushing them slightly apart to strike 
it. 

The question of the joint at X (see Figs £8) raised a point which some- 
times arose with this type of construction, which was that the load from 


Figs 49 


ie cee eae ese ee eae ee 
if 12” main deck 
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SUGGESTED - AS BUILT 


Tun PRe-cast SLABS USED AS SHUTTERING 


the unit above might cause extremely heavy tension locally across the 
section XX, and that was sometimes very difficult to deal with. 
He thought that the Author was unduly worried about that problem 
of composite construction, which in fact arose very often, because in Great 
Britain it was the standard practice to cast the rib of a main beam first 
and then cast the slab on top. In good practice the rib was cast one day 
‘and the slab the next, but in the event of delay occurring (caused by, say, 
a break-down of machinery, a strike, or the intervention of a weekend), 
there might be an interval of 2 or 3 days or even weeks, so that the 
- occurrence was more common than one would think. 
Dr K. Hajnal-Konyi disagreed on various points in the theoretical 
approach described in the Paper. First, on p. 236 the Author had said 
“The composite construction varies considerably from the usual method 
‘using pre-stressed concrete, when the whole of the beam is pre-stressed. 
‘With the latter method, the neutral axis moves upwards from the bottom 
edge if the load is increased beyond the design load, with the result that the 
steel stress is reduced and the concrete stress is increased as compared with 
~ the calculated stresses assuming the neutral axis to remain at the bottom 
edge of the beam.” Dr Hajnal-Kényi could not understand the alleged 
18 
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difference between composite construction and the “ usual method of using 


pre-stressed concrete when the whole of the beam is pre-stressed.” The 
actual behaviour of both types of construction, when loaded to failure, was 
exactly the same. If some designers calculated stresses on the basis of the 
assumption that the neutral axis remained “at the bottom edge of the 
beam,” that proved only that they had a wrong approach to the problem 
and not that the two types of structure behaved in a different manner. 


The Author went on to say: ‘‘ This provides a hidden factor of safety 


(so far as the steel is concerned), which is not there if only the tension zone 
is pre-stressed. On the other hand, with the usual pre-stressed construc- 


tion, the factor of safety on the compression is reduced, but it remains the 


same when only the tension zone is pre-stressed, until the stress in the 
steel exceeds substantially the limit of proportionality.” How would the 
Author define the factor of safety? Dr Hajnal-Koényi thought that the 


factor of safety was the ratio between ultimate load and design load, and 


he did not know what was meant by the “ factor of safety on the com- 
pression,” A beam could be designed to fail either in tension or in com- 
pression. Failure in compression was undesirable, and most designers 
tried to avoid it. From that point of view he did not think that it was fair 
to say, as the Author had said, that, in the more usual type of pre-stressed 
concrete, failure would occur firstintheconcrete. Most designers attempted 
to ensure that failure would take place in the steel. It was entirely in the 
designer’s hands to provide more or less steel or more or less concrete, in 
order to anticipate failure in tension or in compression. 


The practical application was in the Author’s method of design. In 


Appendix III, designs had been developed for three types (A, B, and C), 


and an equation was given for the extreme fibre stress in the concrete. — 


The Author had concluded from that equation “ that in a beam with the 


steel fully stressed the depth of the beam determines the extreme fibre 


stress in the concrete.” Figs 41, illustrating type A, showed that the 
concrete stress as calculated by the Author’s formula was, in fact, very 
little affected by the depth of the beam. In order to reduce the concrete 


stress from 1,680 lb. per square inch to 1,375 lb. per square inch (a reduction — 


of 18 per cent) it was necessary to increase the depth of the beam from 
6:59 to 17 inches (by 160 per cent) ! 


Dr Hajnal-K6ényi was of the opinion that the Author’s formula was no 


a suitable basis of design, since it did not reflect the actual behaviour of the _ 


beam if loaded to failure. The stress f, obtained from that formula did 
not give a measure of the safety of the beam. What mattered was whether 
the force C which could be developed by the compression flange was greater 
or smaller than the force 7' which could be developed by the reinforcement. 
That could be assessed in a simple manner as numerous experiments had 
proved. 

Figs 50 showed a section of a beam with a pre-stressed. pre-cast member. 
It was safe to assume that O was equal to 0-6 x cube strength x area of 


* 
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the flange. A further assumption which could be made was that c was 
equal to or less than one-half of the total effective depth d. If those two 
conditions were fulfilled, namely, that the area multiplied by 60 per cent 
of the cube strength was equal to or greater than the tensile force which 
could be developed by the wires, and that the depth c of the compression 
flange was not greater than half the effective depth of the beam, then the 
member would fail in tension. With that type of construction it was very 


Figs 50 


easy to design it in that manner. When that rule was applied, smaller 
limiting values were obtained than those given on p. 256. He did not 
know what concrete strength the Author had assumed, but his straight-line 
distribution obviously necessitated a greater effective depth than the rule 
just enunciated would call for. The test in Fig. 43 was carried out with 
a concrete of 6,270 lb. per square inch cube strength, so that the decking 
was very much under-reinforced, and half the cube strength would have 
been sufficient to cause failure in tension. 

Mr F. Walley, referring to the bonding of the pre-cast to the in-situ 
work, agreed that it was dangerous to rely on the rough surface between the 
two units, but said that in some tests using pre-cast slabs on top of pre-cast 
units, a very much higher failing load had been obtained than by simply 
using a timber decking on top of those units, so that a composite action of 
the two pre-cast units acting together was obtained without in-situ work. 

He exhibited three slides illustrating the effect of castellations, the first 
showing secondary beams with castellations, the second and third showing 
the composite action of those under test. The second slide showed the 
ordinary pre-stressed unit with an in-situ slab cast on top, and the con- 
siderable deflexion when approaching failure; no crack had appeared 
between the in-situ and pre-cast concrete. The third slide showed the beam 
at failure, again with no cracking between the in-situ and pre-cast concrete, 

He thought that the Author, in the compilation of Table 1, had been a 
little unkind to other forms of pre-stressed construction, because in the 
calculations no note had been taken of the possibility in pre-stressed con- 
struction of designing only for the live loads and not for the combination of 
dead and live loads, nor had account been taken of the device of two-stage 
pre-stressing to cut down the stresses and so reduce the section. Mr 
Walley had compared the area of steel used in the example given in the 
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Paper with those shown on his slides; he had obtained practically the 
same area of steel—a difference of only 2 or 3 per cent—but the area of 
concrete was only about two-thirds of that shown in the Author’s design, 
so that at least there would be a considerable saving in the concrete. 

Mr Walley thought that the Author, in his method of design, had 
sacrificed the homogeneity of the material and could not use the whole 
cross-sectional area to resist the applied load, and so could not make full 
use of the possibilities of the high-grade concrete which was available. He 
could not use the stresses of 500-600 Ib. in tension during erection, which 
Mr Walley had used quite successfully. 

Mr Walley could not agree with the statement on p. 235 that a wide 
shallow beam in pre-stressed concrete was often more economical than a 
deeper one. He found that extremely difficult to believe, and would 
challenge it if it referred to pre-stressed concrete construction. It would 
be interesting to know whether any further proofs of that could be put 
forward. 

On p. 236 the Author had discussed the results of the test which he had 
carried out, and had stated that “ the first hair cracks appeared in the unit 
when, according to calculation, the pre-stress was a little more than offset 
by the tension in the bottom due to load.” Mr Walley had been through 
those calculations and had not got the same answer. The Author’s result 
was a stress of about 800 lb. per square inch, but if the whole section was 
taken into account, as Dr Abeles had suggested, a value of about 300 Ib. 
per square inch effective tensile stress was obtained. 

The Author’s method of design could have been much simpler if it had 
been based on ultimate-load theory, as Dr Hajnal-Kényi had said. Having 
done that calculation, his test result agreed with the result of a method 
which Mr Walley had outlined in a discussion on previous Papers before — 
the Institution, in which a failing load of a little more than 2,000,000 Ib. 
had been recorded, whereas the Author had obtained a little more than 
1,900,0001b., taking the full ultimate strength of the wire into consideration, 
and not his figure of 114 tons per squaré inch. Ifthe Author had calculated 
using ultimate-load theory, he would have obtained better agreement. _ 

It was not clear whether the proposed factors on p. 237 were based on 
the test results, as seemed to be implied, because in one of the conclusions 
of the test it was stated that the figures were justified by the tests and not 
the other way round. The Author was a very brave man if he drew 


conclusions from one test, and in any case the figure of pi bore no relation 
to the safety factor of the structure, because if a proof stress had been used 

for initial tension in the wire, the ultimate strength of the member would 
have been the same. The practical limit of the steel stress was probably ‘ 
the creep of the steel. . busin 
On pp. 237 and 238 reference was made to the modulus. It was mis- 
leading, Mr Walley thought, to use that ; the Author should really use the — 
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product EI, but he did not think that it was possible to state the value of 
I for a composite section with a variable modulus. It was true that beams 
would hog, as the Author had stated—if they were pre-stressed and did not 
carry any live load on them—because of creep and shrinkage in the bottom 
slab. In Appendix III, the Author had stated that, using variable moduli 
for his materials, he got a difference of only 5 per cent. Mr Walley found 
that difficult to believe, because if one used the two moduli to which the 
Author referred, one being a quarter of the other, the effective width of the 
top flange would be only a quarter of the bottom width, so that the I 
would be quite different, and the stresses would have a difference of more 
than 5 percent. It was not clear why, since the Author had considered it 
as a reinforced concrete design, he had not based it on ordinary reinforced 
concrete design, in which case the depth would not have been to the neutral 
axis, but to the centre. 

In the same Appendix the Author had given an expression for the maxi- 
mum value of concrete stress. That seemed to be quite unnecessary. It 
did not seem to have anything to do with the argument, and must be quite 
wrong, because if the depth were reduced or increased the concrete stress 
came down, and if it were reduced below 6 inches Mr Walley did not believe 
that the concrete strength would godown. He thought that the differentia- 
tion there was based on a wrong premise. Mi 

Mr RB. D. Binns referred to a job at Willesden where the construction 
consisted of pre-cast columns (which were held in sockets left in the 
concrete base) supporting rectangular-section pre-stressed concrete beams, 
which in turn supported a composite pre-cast concrete rib and hollow pot 
floor (see Fig. 51). Further details of this job were shown in Fig. 52, in 
which the castellations in the top of the pre-stressed beams could be 

clearly seen. The pre-cast floor ribs had a top steel bar, as mentioned 
in the Paper, to which stirrups protruding from the ribs were welded, so 

that during construction the flooring ribs acted as steel beams, supporting 
the wet weight of concrete. 

For about 2 feet on either side of the pre-stressed beams, the hollow 
pots were omitted from the flooring, so that when the floor was concreted a 
composite T-beam was formed. 

There was a similar application at London Airport, where beams 

of 40 feet span, with castellations and nominal protruding stirrups, had 
been combined with pre-cast flooring and in-situ concrete to form a 
composite T-beam. 

There was one advantage in the use of composite pre-stressed concrete, 

not mentioned by the Author, which was particularly applicable to marine 
work. By pre-stressing the soffit of beams, the concrete is compressed 
where it is most needed, that is, where the beam is most subject to corrosive 
action. : . 
 Qince some people appeared to be worried about the effect of fire 
on composite pre-stressed concrete construction, he pointed out that a 
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particular composite pre-stressed concrete rib and hollow pot floor had 
withstood a 2-hour fire test satisfactorily, with no indication that fire had 


had on an ordinary monolithic floor. 


any more detrimental effect on the composite floor than it would have i 
7 
: 


There seemed to be little mention in the Paper of the question of 


propping. The Author had shown beams 31 inches deep which were span- — 


ning about 20 feet during construction, and which would obviously have to 
be propped at close centres if they were to carry the weight of wet concrete. 
What method of propping did the Author adopt to prevent the pre-stressed 
soffit unit cracking during construction ? If the props were low the soffit 
would crack, whilst if they were too high the top of the unit would crack. 

There had been a report recently issued by a well-known Institution in 
which it was suggested that the in-situ concrete to be used in composite 
construction should be of the same grade and quality as that for the ~ 
pre-stressed concrete with which it was combined. Had the Author any 
view on this matter ? ; 

Mr A. L. Benjamin stated that a considerable amount of research 
had been carried out in Sweden on the question of castellations on the 
upper surfaces of pre-cast and pre-stressed beams, and tests had shown that 
roughened top surfaces were adequate to form a key between the pre-cast 
and in-situ concrete. 

Pre-stressed beams were being produced and used in Sweden without 
castellations, relying solely on the roughened surfaces for the transfer of 
the stresses. There were also beams being produced and used with what 
he would call semi-castellations, being less well defined than those illustrated 
in the Paper. That form of castellation was most economically produced 
by forcing a shallow former into the concrete during manufacture, thus 
avoiding the necessity for special shuttering. 

With regard to the use of pre-cast pre-stressed soffits of beams, as 
distinct from complete webs of T-beams, Mr Benjamin had found that the 


——— ee 


problems of transport, handling, and propping those slender soffits often — 
outweighed the advantages gained in other directions. The deep web 


afforded a simply-produced member which was easy to transport and erect. 

With regard to Table 1 of the Paper, it should be borne in mind that the 
Table referred only to steel costs and did not take into account the relative 
propping and shuttering costs. The comparison with a normal reinforced- 
concrete beam seemed to assume the same permissible working concrete 
stresses in a normal beam as in a pre-stressed beam—a condition which did 
not apply in current practice. . 

Professor L. T, Oehler explained the principle on which he had been 
working with regard to composite construction at the University of Texas. 
There had been a good deal of work in the U.S.A. on “ joistile ” construction 
- in connexion with ordinary reinforced concrete, and he had been hoping 

that pre-stressed concrete could be used in the same way. Figs 53 showed 
a cross-section of a joistile test beam which was pre-stressed by tightening 
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the wires against end anchorage blocks bearing on the ends of the tile. 
After the tile was pre-compressed the concrete was poured—forming in 
effect a T-section as shown in Figs 53. The pre-stressed wires were cut at 


. the end of the beam, after the concrete had hardened and bonded to the 


wires and the tile, thus forming a composite section where the tile alone was 
pre-compressed and the concrete poured in-situ without pre-compression. 
To test the feasibility of that type of construction a beam had been 
formed and tested. Joints between the structural clay tile had been 
* buttered ” and the wires had been pre-stressed to 120,000 lb. per square 


Figs 53 
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inch. Twenty-six days later, when the concrete had been poured, the stress 
in the wires had dropped to 112,000 Ib. per square inch. At the end of 
10 days the wire stress had dropped to 107,000 Ib. per square inch, and at 
that time the wires had been cut away from the end anchorage blocks which 
were bearing on the tile. That operation had not affected the stress in 
the wires, except locally at the ends of the beam. The electrical strain 
gauges attached to the wires had been made waterproof, which had ensured 
their reliability throughout the entire period. They had thus provided 


~ continuous stress readings previous to testing as well as during the actual 


test. The beam had been tested 12 days after pouring the concrete, and 


> 
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whilst the results were not conclusive they did indicate that that type of — 
construction was feasible, and with its inherent advantages might definitely 
prove worth-while. The beam had failed at a total live load of 14,300 Ib., { 
or with an applied moment of 250,000 inch-lb., owing to progressive bond ; 
failure starting with the bottom wires at a moment of 223,000 inch-lb. and © 
proceeding successively to the wires above. At the time each wire failed — 
in bond the average stress in the wire at mid-span had been 200,000 Ib. per 
square inch and the average bond stress over the embedded length of the 
wire had been 208 Ib. per square inch. Fig. 54 showed the test beam after 
failure had taken place, with the wide crack which had opened between the 
third and fourth tiles because of the bond failure of the wires. The 
deflexion of the beam at mid-span with increase in applied moment was 
shown in Fig. 55. The elastic deflexion had been somewhat greater than 
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calculations based on the full transformed area of the composite section — 
would indicate. The first noticeable crack had appeared in the mortar 
between the tiles at an applied moment of 202,000 inch-lb., which corres- — 
ponded to a tension stress of 750 lb. per square inch at the extreme fibre, 
calculated on the basis of the full transformed area of the section. At 
no time during the test had there been any indication of slip between the 

_ tile and the concrete, even though there had been considerable differential | 
stress between the two, owing to the fact that only the tile had been pre- 
compressed. 


The following merits of that type of construction warranted more 
extensive research :— 


1, Commercial tiles might be obtained which had compressive stoungiill 


of 8,000 lb. per square inch—sufficient for storing large pre- 
compression forces. , ae 
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2. With that method, end anchorage blocks were not permanently 
attached—allowing the repeated use of that costly item. 


3. The pre-stressing force was applied directly to the tile without the 
need for auxiliary anchorages or stretching beds, as in conven- 
tional pre-stressed bonded construction. 


4. With the large number of sizes and shapes of tile available, economi- 
cal floor systems for nearly any span or loading were possible. 


5. In actual practice, the stem portion of the effective cross-section 
could be pre-cast on the ground, lifted in position, the spanner 
tile placed, and the top portion of the concrete poured without the 
use of shuttering. 


Mr Adolf Goldstein observed that a good deal had been said about the 
analytical and theoretical side of the design of the various units, but 
would the Author give some idea of the limits of their application? It 
would appear that the Author had made out a case for them, and clearly 
there were applications, but Mr Goldstein wondered whether they would 
be so effective economically and practically in, say, longer spans, or under 
more normal conditions. He was referring there to conditions which, 
- unfortunately, were not very prevalent in Great Britain, but there were 
normally instances where the straight-forward job with minimum site 
handling could be more economical than the more complicated methods, 
using two or more stages of construction, which the Author had described. 

Would the Author say if the pre-tensioned bars which had been 
used as reinforcement in the case of continuous construction were economi- 
eal and perhaps generally applicable. The job which had been illustrated 
certainly looked a ‘“‘ man-sized ” job, but he wondered how the Author 
- would apply those bars in a job where there were continuous beams in two 
directions. The bars were of considerable section, and Mr Goldstein was 

apprehensive about the problems of design and detail if it were necessary 
to use them in three planes. : 

Notwithstanding the fact that the bars themselves were pre-stressed, 
under load they would elongate and cause cracking in the concrete. 
Could the Author comment on that ? It would certainly be comforting to 
the designer to know that, under working loads, the concrete over the 
support did not crack. 

He had not realized that the Karachi hangar edge beams had been 

“pre-stressed before the shell had been cast. He wondered whether that 
was in fact an economic proposition, because if the beam was pre-stressed 
as soon as it was constructed, when the shell was cast on top of the beams 
the complete benefit of the pre-stressing action on the shell would be lost. 
In long spans that could be quite important, because the transverse 

' bending moment in the shell was very much reduced by pre-stressing the 

beam and shell as a unit. By pre-stressing the beam first, formwork to 
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the beam soffit could be removed more quickly, which was a favourable — 

practical consideration. On the other hand, there was still the necessity : 

for formwork to shell soffits in casting the shell, and since in practice j 
contractors frequently liked to brace their propping to the beam soffits 
and bird-cages for the shell soffits together, the saving in shuttering might 

not be as great as would at first be thought. A 

Professor A. L. L. Baker said that he would like to say a few words in 
support of the Author’s work. The advantages of composite construction 
were quite obvious, but the important point was whether or not the joint 
between the pre-cast work and the cast in-situ work satisfactorily resisted 
the horizontal shear. Two speakers had referred to tests, one in Sweden and 1 
one, presumably, a Ministry of Works test, and he would like to add his — 
support to the results referred to. A number of composite beams had been 
tested at Imperial College, and in each case failure was caused by bending, 
and there were no signs of failure in the horizontal joint, which was made 
with a roughened surface without any castellations. 

Mr E, F. Humphries said that since he had at one time had the privilege 
of association with the manufacture of some of the units described in the 
Paper, he would like to point out that the castellations were not easily 
formed. In terms of man-hours, it took at that time—possibly production 
methods had been much improved since those days—approximately three 
times as long to put the castellations on the top of the unit as it took to 
concrete it. Unless the procedure of concreting was slowed down very 
much, the casting of the main body of the units proceeded at a rapid rate 
and the placing of the castellations on top, which had to be done afterwards, 
was very much slower, with the result that the castellation became a 
separate block on the top of the main concrete. The Polish labour which 
had assisted in that operation had sought to help by putting 2-inch wire 
nails to tie the blocks down to the main concrete, but the Author had 
treated those units by going round with a hammer and chisel and knocking 

each castellation. If it had stood one blow it was all right; if it had 
not, and the castellation had come off, the unit had been rejected. 

Mr Humphries had visited a factory in Switzerland where Stahlton floors 
were being made, and he had been much impressed by that type of construc- — 
tion, where an indented wire was laid through grooved clay tiles. Although — 
the Author had said that concrete was used, at the Swiss factory a grout | 
_ only had been employed to bond the tiles to the indented wire. Very large — 
quantities were being made in standard lengths, about 1 to 5 metres long, | 
and when a local builder wanted to put up a block of flats he asked for so — 
many of those units of various dimensions and from the standard lengths 
the exact lengths required were cut with a circular carborundum saw. | 
Builders could thus draw on that factory and get the units which they 
required immediately from stock. It seemed a great pity that no manu- 
facturer, so far as he was aware, had been able to bring the Stahlton floor — 
to Great Britain, because he felt sure that it would be readily taken up. 
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*,* Mr Stephen Revesz stated that he had some experimental data in 
connexion with the adhesion between pre-cast and in-situ concrete of com- 
posite T-beams, where no special provision had been made for horizontal 
shear, He had carried out a number of such tests,17 mostly using a pre- 
tensioned web, where failure had resulted from horizontal shear in one case, 
at a calculated shear stress of 134 1b. per square inch. The surface of the 
pre-cast concrete unit along the joint had been smooth. Another test by 
Purandare,!8 on a normal reinforced-concrete composite beam, had resulted 
in horizontal shear failure at 141 lb. per square inch. Where the surface 
had been slightly roughened it was found that 253 Ib. per square inch could 
be exceeded. The Author’s suggestion of forming castellations, seemed to 
be an excellent solution for raising the horizontal shear resistance without 
the addition of stirrups. ; 

Hig. 56 showed a composite beam 17 which had failed at a diagonal 
tension of 480 Ib. per square inch. A large mass of concrete had 
broken off around the wires; the angle of rupture was approximately 
40 degrees. 

The Author’s observation that hair cracks could not be detected in the 
flange of composite pre-stressed beams did not necessarily mean that they 
did not exist in that zone. In tests at City & Guilds College (see Fig. 57) 
the flange thickness was only 1} inch for an overall depth of about 8 inches. 
Although cracks could not be found in the flange with a magnifying glass, 
strain readings on the concrete had shown the neutral axis to be about 
2 inch from the top of the section. 

_ The reference in the Paper to the “hidden factor of safety’ was 
perplexing. It was perhaps only a consequence of the Author’s view, that 
in non-composite beams failure “‘ will take place first in the concrete.”’ 

From Mr Revesz’s experience, the following had been confirmed by 
test results :— 


1. Failure due to fracture of steel was not a special characteristic of 
composite construction, and might occur in ordinary pre-ten- 
sioned beams.17 

2. A composite beam might fail owing to the extensive elongation of the 
steel, followed by the rise of the neutral axis, causing the crushing 
of the concrete.1® 20 Although the steel did not break, its. stress 
at failure closely approached its ultimate strength in pre-tensioned 
beams, and the crushing of the concrete was only an apparent 
cause of failure, and may thus be regarded as a secondary effect. 

8, Primary compression failure occurred in “ over-reinforced ” beams, 
in which the maximum compression force developed in the con- 
 erete was smaller than the maximum tensile strength that could 
have been developed by the reinforcement. That type of failure 


*,* This contribution was submitted in writing —Snro. I.C.E. 
17 References 17 to 20 are given on p. 276. 
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was distinct from (2) where due warning was given by large 
deflexion and wide cracks, whilst in case (3) failure was sudden in 


pre-tensioned beams. 


Amongst the many factors that influenced the failure characteristics (in 
bending of pre-stressed beams) were :—the elongation of the steel at its 
ultimate strength; the pre-stress; the steel percentage ; the concrete 
strength ; and the condition of bond between the steel and concrete. 
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The Author, in reply, first dealt with a general matter which would 
answer several speakers in the discussion. 

There was a great danger that the issue might be confused, and it was 
desirable to avoid that at the outset. The Paper discussed a method for 
pre-stressed concrete and not the plastic theory nor the question of factors 
of safety. He agreed that the present Codes of Practice did not deal 
logically with all problems, but if he wanted to compare one method of 
construction with another, particularly if the second one had to be carried 
out in accordance with the Code of Practice, it was essential to assume that | 
the Code of Practice applied to both. He had to assume certain permissible 
concrete stresses, particularly for in-situ concrete; he had to assume a 
linear distribution of stresses and disregard plasticity ; he had to assume 
that, however unsatisfactory he might feel it to be, the factor of safety had 
nothing to do with the ultimate failure but merely constituted the ratio 
of the permitted stress to the ultimate stress. 

If pre-stressed concrete was to have the benefit of a more modern out- 
look on those points, so also should ordinary reinforced concrete and other 
materials and that would not have any effect on their comparative values. 

Turning from the general to the particular, Mr Cuerel had mentioned 

‘that the principal stresses were not necessarily inclined at 45 degrees in 
very short beams. The Author agreed but mentioned that he had found 
that under test, even beams with a relationship between length and depth 
of 6, showed cracks at 45 degrees if there was insufficient diagonal reinforce- 
ment. That would indicate that only with exceptionally deep beams would 
a special investigation be necessary. ete 

The Author agreed also on the question of the method of calculation of "4 
shear stresses with regard to steel. Again he had followed the method — 
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acknowledged by the Code of Practice, but if an improved method could 
be evolved, that would be advantageous. 

He was particularly interested in the information given by Dr Abeles, 
especially with reference to the test carried out by British Railways. 
The Author fully appreciated that a tensile stress in the concrete could be 
taken into account, as was done frequently with partially pre-stressed 
sections, but that would be outside present Codes. 

Mr G. P. Manning had suggested that the Author was unduly worried 
about the question of shear. It was true that for in-situ concrete the upper 
part of a beam was often cast separately, but it would not be more than a 
day or two after the lower part, and he always made it a condition in the 
specification that the time lag should not be greater than that. With pre- 
cast concrete, however, the soffit might be cast months before the top 
decking, and the concrete of the soffit would have reached an entirely - 
different state by then. Also, in an ordinary reinforced-concrete beam 
there was shear reinforcement which could be avoided in a composite 
construction (particularly pre-stressed) if the shear was taken by mechanical 
bonds, such as castellations. 

Turning to the points raised by Mr Benjamin, Mr Revesz, and Professor 
A. L. L. Baker, the mere fact that the information given by Mr Benjamin 
was contrary to that of Mr Revesz showed that ordinary bond between two 
types of concrete was very unreliable in shear and that many different 
results could be obtained—depending on the type of surface, the age of the 
concrete, and many other circumstances. Remarkably enough, the results 
given by Mr Revesz confirmed almost exactly results that the Author 
himself obtained and which he had not thought were sufficiently representa- 
tive to be mentioned. He had found that units without castellations and 
a comparatively smooth top surface failed at approximately 150 Ib. per 
square inch. He still did not think that merely “ rough ” surfaces should 
be trusted to transmit shear. 

Dr Hajnal-Konyi had stated that the factor of safety with the standard 
method was not quite unknown because in actual fact the neutral axis 
might be assumed to move upwards before failure. That also was un- 
- doubtedly correct, but, with the same justification, Dr Hajnal-Konyi could 
condemn all calculations which were carried out in accordance with the 
theory of elasticity. The fact still remained that the officially accepted 
methods of calculation did not, at present, allow for that type of calculation, 
and therefore, comparing the calculation with the test, the Author had 
mentioned an extra factor, although he might be wrong in calling it © 
“ snknown.” However, unless the dead load were sufficient for the pre- 
stressing wires to be placed near the bottom edge of the beam, the effective 
arm was still reduced with the standard. method, as compared with the 
composite method. As to the question of stresses in the concrete, that — 
_ again was a matter that would be of less importance if the Codes of Practice 


could be ignored. 
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The calculation given to explain the limiting depth of a beam for which 
it was unnecessary to calculate the compressive stresses, was of course, not 
:dentical with the actual calculation of the unit. As an approximate first 


calculation the Author found it very useful to calculate pre-stressed con- — 


crete as though it was ordinary reinforced concrete with the pre-stressed 
unit taken as the reinforcement. A considerable number of beams had 
been tested, all of which bore out the above, and he could assure Mr Walley 
that he did not base the whole theory on only the one test which had been 
given as an illustration. 

However, he agreed with Mr Walley that, with post-tensioned concrete, 
where the weight of the in-situ concrete was sufficient to offset any tensile 
stresses at the top of the beam caused by the pre-stressing wires being 
placed close to the bottom surface, it was possible to obtain better results 
than those shown in Table 1. 

Regarding the economy, or otherwise, of shallow beams in pre-stressed 
concrete, the situation was quite simple. The total cost of reinforced con- 
crete consisted of the cost of the steel, concrete, and shuttering or moulds. 
Both concrete and shuttering were cheaper with a shallow beam, but the 
steel was more expensive. In pre-stressed concrete the steel costs were 
considerably reduced, compared with ordinary reinforced concrete, and 
therefore the economic depth was smaller. ; 

So far as the use of varying moduli was concerned, it was impossible to 
give a general statement as to how much difference the use of that method 
would make. The reference in Appendix III was for a T-section only, and 
for such a T-section, which had a wide compression flange, the effect of a 
variable modulus of elasticity was comparatively small. 


Mr Binns had mentioned the question of propping. Since pre-stressed — 


units were comparatively thin, temporary propping during erection was 
necessary, and the stresses arising from the dead weight of the unit had to 
be taken into consideration. The Author had never found difficulties 
arising from incorrect propping, and it had been his experience that most 
contractors were quite capable of placing the props correctly. He had read 
with surprise the report mentioned which suggested that the in-situ con- 


crete used should be of the same grade and quality as that for the pre- 


stressed concrete. He could not see any reason why the two should be 
equal, nor was it usually practicable to make them so. 

The Author was indebted to Professor Oehler for his very interesting 
remarks on joistile construction, and the tests being made in the U.S.A. 
_ Those joistiles were obviously very similar to one of the proprietary articles 
mentioned in the Paper.. 

Mr Goldstein had asked whether composite construction would be useful 
for long spans as well as short spans. The Author believed that they would, 


although he confessed that he did not know of any example carried out _ 
of more than 48 feet span. He could imagine that that method would ~ 


prove suitable even for long bridges, and he supposed that in that case 


=) - 
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both the pre-stressed part and the top part would have to be cast in situ, 
although carried out in two separate processes. 
With regard to continuous beams, there were a number of difficulties. 

It was quite easy to use that method for continuous beams provided that 
the depth available was not less than about 14 inches. With very shallow 
beams it was difficult to place the pre-stressed units at the top over the 
supports. Even greater problems arose where two beams crossed each 
other, that was to say, where both the main beams and the secondary 
beams were pre-stressed. He would not say that all those points had been 
solved. 

Mr Humphries had stated that it was difficult to form castellations but 
in that connexion his experience seemed to differ with most other experi- 
ence. 


Correspondence on the foregoing Paper is now closed, and no further 
contributions, other than those already received at the Institution, may 
be accepted.—Szc. I.C.E. 
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PUBLIC HEALTH ENGINEERING DIVISION MEETING 
11 March, 1952 


Henry Francis Cronin, C.B.E., M.C., B.Sc., Vice-President I.C.E., 
Chairman of the Division, in the Chair. 


The following Lecture was delivered and, on the motion of the Chair- 
man, the thanks of the Division were accorded to the Lecturers. 


‘* The Impact of Radio-activity on Public Health 
Engineering Services ”’ 


by 
Arthur Key, D.Sc., Ph.D., and Arthur William Kenny, M.A., B.Se. 


Tue phenomenon of radio-activity was first recognized by Becquerel in 


1896. For 50 years the subject was largely of academic interest only, the 


practical uses being confined to cancer therapy and luminous paints. 
There was much talk about the liberation of huge amounts of energy by 
atomic disintegration, but the general public remained sceptical—until 
1945, when an atomic bomb was exploded over Japan. The possibilities 
of atomic energy were then effectively demonstrated and since that time 


a vast amount of work has been carried out on its exploitation. The result — 


is a completely new industry which, in common with other industries, has 
its peculiar trade-effluent problems. We wish to speak about this to-night, 
but before doing so it is necessary to say something, however briefly, about 
radio-activity itself. 

Some of the basic facts about it are by now well known, but since the 
latter part of the Lecture will be dependent upon them a brief repetition 
will not be out of place. a 

We ask to be permitted to simplify matters a good deal; we must of 
necessity omit references to phenomena which are either of minor import- — 
ance, for the time being at least, or of no possible concern to us to-night. 
Remembering this, we may say that when an atom undergoes radio-active 
change it throws out either an alpha particle or a beta particle and, in 
most cases, a gamma ray also. These changes occur in the nucleus of an 
atom and, as a result, the electrical charge on the nucleus is changed and — 
the atom is transmuted into another element. Thus radium gives off an 
alpha particle which has a positive charge of two units; the remaining 


| 


| 
4 


nucleus has therefore two units less of positive charge ‘end is now the 
nucleus of a radon atom. Active potassium gives off a beta particle with d 


kz see a . 


"i 
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a negative charge of one unit, leaving the nucleus with a positive charge 
one unit greater than before, which is now the nucleus of calcium. The 
chemical properties of an atom are determined by the charge of the 
nucleus, but all the atoms of an element are not necessarily of the same 
weight. Thus, while all the nuclei of carbon atoms have a positive charge 
of 6 units, the most common form has a nucleus weight of 12, but there 
is another with a nucleus weight of 13 and still another with a nucleus 
weight of 14 and this is radio-active. These varieties of atoms of the same 
nuclear charge are called isotopes. 

It seems important to mention that radio-activity, although so recently 
discovered, is no new thing ; it has always been with us, and it is every- 
where. The walls of this room are radio-active; so is the food we eat; 
so is the water we drink. The examples of active elements we have just 
quoted have been deliberately chosen as being amongst those which occur 
naturally. Radium, of course, is well known. It becomes transmuted 
to radon, which is a gas and which becomes diffused in the atmosphere 
over the world. Radon itself is radio-active and changes into a whole series 
of radio-active solids which are washed out of the atmosphere by rain so 
that even the purest mountain stream is not free from radio-activity. Some 
other natural waters contain much more activity, having become contami- 
nated with it underground. 

Further, all potassium contains a minute proportion of an isotope 
which, over millions of years, slowly but inexorably changes into an isotope 
of calcium, giving off a beta ray in the process. The potassium in our 
bodies and our foods is no exception to this. 

A small quantity of radio-active carbon (C14) is also continually being 
produced in the atmosphere by bombardment by extra-terrestrial particles 
and this, as carbon dioxide, enters through photosynthesis into all organic 
matter; it has been detected in sewage sludge gas. 

: What is new about the present situation is not radio-activity itself, but 
the facts that : 


(a) it is now being produced artificially ; 

(b) it is associated with elements which are not naturally radio- 
active ; and 

(c) it is being produced in relatively enormous quantities. 


Radio-activity can be produced artificially by bombarding the nucleus 
‘of anatom. To put it crudely, if you can hit an atomic nucleus you may 
either knock a bit off, add a bit on, or split it into two. In any of these 
events an atom of a new element is created and the probability is that it 
will be radio-active. All this, however, is easier said thandone. An atom 
is exceedingly small and the nucleus occupies only a very small fraction of 
its total volume—it is not a very large target. A further difficulty is that 
the nucleus carries a positive electrical charge and therefore strongly | 
repels any particle which is charged in ike manner. On the other hand, 
. Nee 
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if a negatively charged missile is used, it is repelled by the electrons 
surrounding the nucleus, for they are negatively charged too. 

For many years the only missiles available for nuclear bombardment 
were the emissions from naturally occurring radio-active substances. 
Success was first obtained by Rutherford soon after the first world war, 
and during the following decade a number of transformations were brought 
about in laboratories, each following the general pattern, element plus 
radiation giving rise to a different element plus a different radiation. } 

All these bombardments were carried out with missiles which were | 
charged electrically—no other suitable ones were known—and a large : 
_proportion failed to find their target because of the repulsion either by 
the nucleus or by the surrounding electrons. There would clearly be less 
chance of these repulsions being effective if the missile could be made to 
approach the atom at a very high speed. This is the idea behind the 
various accelerating machines (the cyclotron and the Van der Graaf 
accelerator) of which the first was invented by Professors Cockcroft and 
Walton, who have recently been awarded the Nobel Prize for the work. i 
These inventions greatly increased the efficiency and scope of the nuclear 
reactions that were now becoming possible. 

In 1932, Chadwick discovered a new radiation as a product of one of 
these nuclear reactions. He called it the neutron, because it carried no 
electrical charge. It is this discovery which made possible the phenomenal — 
advances in nuclear science which have occurred in the past 20 years. 
Being uncharged, a bombarding neutron suffers neither repulsion nor 
deflexion on its way to a nuclear target. It is therefore a missile par 
excellence for effecting nuclear changes, and it was immediately applied 
in this way. Numbers of new isotopes were thus artificially produced, 
many of them radio-active, and a link between natural and artificially 
produced radio-active elements was forged when one of the former was 
produced in the laboratory by nuclear bombardment. It was established 
that there was no essential difference between the two ; they both obey 
the same laws, which we shall briefly describe below. 

The next big step forward was in 1939, when a new nuclear reaction 
was discovered. Previously they had been of the type we have described, — 
namely, element plus radiation giving a different element plus a different — 
radiation. The new process can be described as element plus neutron 
giving rise to two different elements plus several neutrons. In the first 
type of reaction the radiation enters the nucleus and a small part of the 
swollen nucleus is thrown out as the different radiation, leaving a different 
element whose nucleus is only slightly different in weight (mass) from the — 
original one. “The new type (which only occurs with very heavy elements) 
is the fission process, in which the nucleus, swollen with the entering neutron, — 
breaks into two approximately equal parts and some neutrons are thrown. 
out. In an almost literal sense the atom is split. The nucleus does not | 
always split in the same place, so that when the reaction is operated ai 
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bulk a whole series of fission products are formed, and they are all radio- 


= active. 


Now the neutrons which are produced as a result of fission are them- 
selves capable of initiating fresh fissions which produce more neutrons. 
Under suitable conditions, therefore, the reaction is self-sustaining and 
even self-propagating, a feature which is the basis alike of the atomic pile 
and the atomic bomb. 

Atomic piles are a source of energy, plutonium, fission products, and 
neutrons. The energy is liberated almost entirely in the fission process, 
and it may eventually be economical to use it. It is being used for space 
heating at Harwell already. The plutonium is produced from uranium 
by a nuclear reaction of the first type, namely, uranium plus neutron giving 
plutonium plus gamma radiation. It can be used as explosive material 
for an atomic bomb. The neutrons can be used to irradiate inactive 
materials placed in the pile to produce, by means of nuclear reactions, 
radio-active materials of known type. These find many uses in medicine, 
industry, and research. The fission products themselves are generally 
useless and constitute an entirely new type of industrial waste. 

The radio-active materials produced by irradiation in the pile may also ° 
become waste after use, and since they may be used in any part of the 
country they may become waste in any part of the country. 

In all, then, as more and more atomic piles come into operation and 
as the potentialities of radio-active isotopes become more widely recognized 
we must expect increasing amounts of radio-active industrial waste. We 
think we shall meet the interests of most of our audience if we concentrate 
on the liquid effluents, for it is these which may reach and affect our sewers, 
sewage-treatment plants, rivers, and Saab 34 Sea oge short, public 
health engineering services. 

The questions we must always ask regarding a liquid trade waste are :— 
What are its properties? Is it dangerous in any way? If so, are there 
any limits of concentration below which the danger vanishes? Will it 
affect the processes of treatment of sewage or water? Can the dangerous 
constituents, if any, be removed in any way? After that we may be in 
a position to say how it should be dealt with. For many trade wastes it 
would be superfluous to ask some of these questions. With a new type 
of waste we are not in that fortunate position, and at the risk of lengthen- 
ing the lecture unduly we must say something on all these points. 

We have said that radio-activity is the disintegration of elements 
accompanied by the emission of one or more types of particle or ray. 
This i is a process which proceeds at a rate which is entirely uninfluenced 
by the chemical or physical condition of the isotope. The rate is charac- 
teristic for each isotope and is proportional at any time to the amount of 


_ isotope present unchanged. This type of change is characterized by a 


“\ % 


constant half-life period ; that is to say that the time required for a given 
quantity of activity to diminish to one half is a constant. In double that 


“19% 
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time it will diminish to one quarter, and so on. For instance, the activity } 
of any iodine 131 declines by half every 8 days—it has a half-life period — 
of 8days. One way of solving a problem of waste active iodine, therefore, . 
is to store it for some time. In 80 days, for instance—10 half lives—the 

activity will be diminished to (4)! or to less than 0-1 per cent of its original : 
value. There will, no doubt, be a wide field of use for delay tanks for this 

purpose, but they would not readily be applicable to, say, radium, which | 
has a half life of 1,590 years. Half lives vary from a fraction of a minute 

to thousands of million of years—that of uranium, for instance, is 4,500 ; 
million years. . 

Alpha particles are the nuclei of helium atoms expelled with a certain 
velocity. Beta particles are electrons, similarly expelled. Gamma rays 
are very short, or hard, X-rays. All these rays have energy, and the 
amount of energy varies with their source. An alpha particle from radium, 
for instance, possesses only 91 per cent of the energy of a similar particle 
from polonium. 

The most important property of these emissions is that of producing 
ions when passing through matter. This means that they detach from 
an atom part of the electron cloud which surrounds the nucleus. The 
most heavily charged particles produce most ions and the greatest con- 

centration of them, but the production of ions requires energy derived 
from the radiation, which is soon brought to a stop. Alpha particles 
therefore produce a high concentration of ions, but are not very penetrat- 
ing, whereas gamma rays produce a smaller concentration, but have a high 
range of penetration. Since the danger to health is largely on account of 
this ion production it follows immediately that inside the body alpha — 
rays are much more dangerous than gamma rays, but outside the body — 
gamma rays are the more dangerous because alpha rays cannot penetrate 
the tissue, unless they originate within a few millimetres of it. Beta 
particles occupy an intermediate position. 

We have mentioned danger to health. This is one of the main points 
we have to keep before us ; but to avoid giving a wrong impression it may 
be worth while to digress for a moment to explain that radio-activity has 
its useful side, even in relation to health. Considerable quantities of 
active materials are now being used in certain hospitals, largely for cancer 
treatment. The use of radium in that connexion is fairly well known and — 
this element may be replaced by artificially produced radio-active sources. 

In a different way, radio-phosphorus is used for leukaemia and ae 
themia vera, radio-iodine for thyroid cancer and hyperthyroidism, and 
radio-gold for some other cancers. In industry and the academic world 
the uses of radio-activity range from tracing the diffusion of gases and 
liquids to the study of arsenical poisoning, from the discharge of static 
electricity to the measurement of the spin of atomic nuclei, from the 
investigation of frictional wear to the study of the action of pesticides. 
Likewise to the public health engineer radio-activity ace have its uses, 
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though these may not be spectacular. Although experiments in the 
sterilization of food by radiation have gone a long way, the day when we 
can sterilize water by subjecting it to the effects of a radio-active substance 
is not yet in sight. There is, however, considerable scope for the use of 
radio-activity as a tracer. For instance, it may find application as a 
tracer for following the underground flow of water. For this and many 
other purposes, active materials have one great advantage over other 
substances in that they are detectable in extremely minute concentrations, 
so that the amount added will not change the specific gravity of the water 
and bring about movements which would not otherwise occur. The use 
of salt, for instance, always has this disadvantage. It is not an application 
which could be made lightly, however, for the radio-isotope would have to 
fulfil special requirements. It would, for instance, have to be harmless in 
any concentration at which it could be pumped from the ground. At the 
same time, the concentration would need to be sufficiently high to permit 
ready estimation. The half-life period would have to be sufficiently long 
to allow it to be followed perhaps for several weeks. And its chemical 
nature would have to be such that it could not enter into combination 
with any substance likely to be met with underground, nor enter into 
cation or anion exchange reactions. In the same way, and perhaps with 
less difficulty, radio-activity may be employed in investigating the dis- 
persion of sewage in river or sea. 

A similar use in detecting leaks in water mains has also been suggested, 
but conditions here are not favourable. The amount of radio-activity re- 


quired to permit radiations being detected through a covering of soil would 


be far too large for safety and would present difficult handling problems. 
The most obvious use of radio-activity at present, however, is as tracer 
material in research work. It may greatly assist.in the design of reaction 
tanks and other parts of plant and in elucidating the mechanism of the 
chemical and biological reactions on which purification processes rely. 
However, none of these or other uses should be undertaken without 
the advice of a specialist in this field and without giving full consideration 


to possible danger to health of the isotopes employed. To this subject we 


must now return. ie 
The first recorded instance of damage to the body by radiation occurred 


50 years ago. Becquerel, the discoverer of radio-activity, carried about 


—- 


some radio-active material in his pocket and found that his skin adjacent 
to the material became “ burnt.” Since that time there has been a very 
wide experience of the effect of radiations on the body. 

’ Before the danger was appreciated, radium-mine workers were affected 


py it, and also workers with luminous paints. Radiologists were also 


affected by the X-rays with which they worked, and since these rays, too, 
cause damage through the ions they produce, knowledge of it is of assistance 
in assessing the danger from radio-active emission. In addition, there is 
now considerable experience in the use of radiation in attempts to cure 
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disease, particularly cancer. Then we know a great deal about the radia- 
tion damage to the people of Nagasaki and Hiroshima. We have the ex- 
perience of protecting a large number of people who have been working on — 
atomic energy during the last 10 years, protection which is acknowledged, 
we believe, to be highly successful. Finally, there is a great deal of 
information as a result of special researches. We mention these points 
to indicate that in this matter of the effect of radio-activity on health the 
medical profession is not working completely in the dark, as might have 
been supposed with a new subject. All the radiations affect health 
because of their ionizing properties and the experience in one field bears 
on problems in another. 

We cannot here give any account of the nature of the biological effects 
of radiation. It is sufficient to state that they can be serious, even fatal, 
at sufficiently high concentrations, but that at sufficiently low concentra- 
tions they are either non-existent, or readily repairable by the normal 
processes of the body, or negligibly small. The whole question of deciding 
what concentration is sufficiently low is not one for engineers or chemists, 

- but for the medical profession with the advice of specialists in other fields. 

There are three chief ways in which the body may receive radiation. 
It may receive it from its surroundings. An atomic pile, for instance, 
radiates neutrons and if there were no protection a body near it would be 
irradiated. This is readily prevented by interposing between the pile and 
the body sufficient matter (usually concrete) to absorb the neutrons so 
that the number reaching the body is below the permissible limit. It is 
possible, too, that sufficient active material may concentrate on the walls © 
of a sewer to make it dangerous to work in it. On this, we can only say 
that such an accumulation cannot occur in this country at the present 
time, though we are afraid there will be no time for us to justify that view 
to-night. 

Or a man may inhale air containing radio-active particles which may 
be retained in the lungs, perhaps indefinitely. Radio-active argon is 
formed in air used for cooling atomic piles and the purpose of the high 
chimney stacks at such installations is to disperse the activity in such a 
large volume of air that the concentration is harmless. 

Or a man may ingest radio-activity in water or food, and the ingested 
activity may pass to any part of the body and stay there ; it may, alter- 

_ natively, be excreted within a short time. It is this method of receiving 
radiation we want to deal with in greater detail, for it arises when a liquid _ 
effluent is discharged to a stream which is later used as a source of water 
supply. Fish from the stream may also be used as food. 

The damage done by radio-activity taken into the body depends upon 
a number of factors including :— . 


(a) The type and energy of the radiation. We have already ex- 
plained how the quantity and concentration of ions are 
controlled by these factors. 
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(6) Whether or not the activity is retained in the body, and for how 
long. This is obvious; an element ceases to irradiate the 
body as soon as it leaves it. 

(c) Whereabouts in the body it concentrates. Different organs may 
be sensitive to different extents. Different organs are of 
different size ; it is obvious that a given activity concentrat- 
ing in the thyroid, which weighs 20 grammes, will be more 
concentrated than if it were dispersed throughout the muscle 
system, which weighs 30,000 grammes. Other things being 
equal it would do much more damage. 


With adequate information on all these points it is possible to calculate 
what the activity in an organ would be if the concentration of active 
element in, say, drinking water were maintained at a given value for a 
life-time. By fixing a very safe value for the former, an equally safe 
value for the latter can be obtained. Into such calculations a safety 
- factor is always introduced to cover individual idiosyncracies, for instance, 
the person who habitually drinks twice as much water as the average and 
the person whose organs might be particularly sensitive to radiations. 

We must now pause to explain what we may term the “ principle of 
pessimistic assumptions.” We said earlier that a safe concentration of 
the activity due to any element in water can be calculated, provided - 
information on certain points is adequate. Sometimes this is not avail- 
able; and the principle is that in cases of doubt the worst should be 
assumed. For instance, if we do not know for certain whether an element 
is retained in the body or excreted from it then it must be assumed to be 
retained, for that would be the more dangerous case. If we have a mixture 
of active elements of different degrees of danger and we do not know how 
much of each is present then it is assumed that all the activity is due to the 
most dangerous of the elements. If we do not know whether an active 
~ element passes out with sewage effluent or is retained in the sludge then 
we assume it all passes out with the effluent when we wish to know whether 
that is safe, but we assume it all stays in the sludge when we want to check 
that that is safe. We shall give one or two examples of this later. 

Before giving values for the life-time permissible concentrations of 
certain radio-isotopes in drinking water, we must define the unit in which 
they are expressed. This is the “ curie,” a disintegration rate of 3-7 x 101 
atoms per second. This is the number of disintegrations which occur in 
a gramme of radium, and originally the definition referred to the equivalent 
of activity to that present in one gramme of radium. It should be noted 
that the unit refers to a rate of disintegration and not to an amount of 
material. Thus, while one curie of radium is contained in one gramme, 
~ one curie of iodine 131 is present in no more than 0-000008 gramme. The 

_ zeason is that the half-life period of iodine is only a few days, compared 
with 1,590 years of radium, so that a much greater proportion of the number 
of atoms present at any time will disintegrate in the next second, even 


: 
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though in each case all the atoms are radio-active and will disintegrate 
eventually. 

There are about eight hundred radio-active isotopes of the ninety-eight 
known elements and it is possible to work out the life-time safe concentra- 
tion of each of them in water, incorporating appropriate safety factors (or 
factors of pessimism, as we may call them, in accordance with what we 
said earlier) where information is doubtful and further similar factors to 
cover individual idiosyneracies, and so on, Not all these calculations 
have, in fact, been made, Some of them probably never will be, since the 
isotopes concerned have half-life periods of minutes or less so that there 
is no real possibility of their ever getting into drinking water. In other 
cases values for life-time tolerance concentrations have been suggested by 
a number of individual scientists, but these are not accepted by our 
Ministry. It is felt, and, we submit, rightly felt, that where the safety 
of water-supplies is concerned, the views of no single scientist, no matter 
how distinguished, can be accepted as being sufficiently authoritative. 
Indeed, the distinguished scientist would probably share our view, for 
he would realize that the decisions would involve the pooling of the 


knowledge of experts in a variety of fields, We look therefore to the — 


Medical Research Council for authoritative figures, and their Protection 
Committee has given long consideration to the matter, The following 
life-time drinking-water tolerance concentrations have been approved 
by them :— 


Alpha emitters 
Radium . ; : . 4X 10710 micro-curies per ce. 
Other alpha emitters .. . 2:4 x 10-9 

Beta emitters 
Radio-caleium and radio- 

strontium é E é 2x 10-8 
Other beta emitters . F 10-6 


”? 39 ”? 


? ” > 


>? 9 > 


To be strictly accurate, what has been laid down is not a general drinking- 
water tolerance concentration, but a concentration which it is safe to add 
to the River Thames, in addition to its natural activity, bearing in mind 
that it is the source of water-supply for eight or nine million people and 
making no allowance for the possible decay of activity during storage and 
forgetting the possibility (even likelihood) that some of the activity may 
be removed during filtration, It seems safe to assume that general 
drinking-water tolerances, when they are required, will be of similar 
magnitude. - | 

There are now four things that must be said, though very briefly, 
about these figures. The first is that although a life time has been taken 
as about 70 years there will be no danger to people who live longer. We 


haye spoken of factors of safety and would now emphasize that they are | 


very large, We do not suppose that the Medical Research Council would 


' ; SS 
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immediately revise their figures even if it were suddenly discovered that 
the average expectation of life had doubled or trebled. 

The second point is that the laying-down of a permissible concentration 
does not mean that it must at no time be exceeded. The danger to be 
safeguarded against is of accumulation of activity in the body over a long 
period, and so long as on the long-term average the prescribed values are 
not exceeded all will be well. In practice we insist that during any period 
of a month the activity should not exceed a total calculated from the 
figures quoted. Within that period irregularities may and do occur, 
though we like (and obtain with important discharges) a reasonable degree 
of uniformity. 

Thirdly, the figures are mutually exclusive ; that is to say that if the 
added radium is equivalent to the concentration quoted, there must be 
no other activity discharged. It may be argued that in some cases this 
may not be necessary, but in other cases it clearly is, so that the safest 
thing to do is to require it in all cases. 

Fourthly, the figures are extraordinarily small. In the case of radium 
the tolerance concentration is 4 x 10-10 parts per million; in the case of 
radio-calcium it is 1-2 x 10-12 parts per million. It is plain therefore that 
no purely chemical analysis could possibly be used to determine the con- 
centration of active elements. This brings us immediately to the question 
of activity determination, for it is clearly no use laying down per- 
missible concentrations unless it can be checked that they are being 
observed. 

_ We cannot here describe those instruments which are used in activity 
determinations. It is sufficient to say that they can detect and register 
alpha or beta particles or gamma rays, as the case may be, which reach 
them and that by their use the number of such emissions arising from a 
suitable, and suitably placed, sample can be calculated. 

A suitable sample must contain sufficient activity to be measured and 
it must not contain too much inactive material which would prevent the 
emitted particles from entering the counter. This requirement immediately 
presents us with a difficulty when determining the activity of waters, 
because although the activity may be concentrated by evaporation a 
considerable amount of inactive solid matter concentrates with it, par- 

ticularly in the case of hard waters. With these the activity due to, say, 
strontium at life-time tolerance level is not far above the limit at which 
measurement becomes very uncertain. 

Further, the various counters available count the disintegrations, but 
they only give the merest hint, if that, of what the activity isdueto. They 
do not tell us whether it is from a dangerous element or not. To get any 
further we require a radiochemical analysis. 
his is easier said than done. Although radiochemical separation is 

essentially chemistry, it is not to be lightly undertaken even by a qualified 
chemist. Special techniques are required and the whole process is time 
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consuming and expensive. Even then any sort of complete separation is 
almost impossible, and certainly impossible on a day-to-day basis. 

We are thus left in the position of having to ensure that rivers used as 
a source of drinking water must not contain activity beyond certain quite 
minute concentrations, which vary from element to element, and being 
without any practicable method of determining directly whether a water 
conforms to the requirements or not. 

Before explaining how this situation is being met, may we digress and 
say something on the questions, ‘‘ What happens to radio-activity during 
purification processes to which sewage and water are subjected ? Are 
those processes affected by them, and is the activity removed with other 
impurities ? ” 

About 4 years ago, in anticipation of the time when the disposal of 
liquid radio-active wastes became a problem, the Ministry of Health Water 
Department (which has now been transferred to the Ministry of Housing 
and Local Government) sponsored research on the behaviour of radio- 
active contaminants during sewage treatment. More recently, the Water 
Pollution Research Laboratory have installed facilities for similar work on 
water treatment. There is plainly a wide field for investigation which is 
likely to give some much-needed information, not only on what happens 
to radio-activity during treatment, but also on the treatment processes 
themselves. In other fields, radio-active tracer elements, as they are called, 
have proved a valuable research tool. 

The answer to the question whether treatment processes will be affected 
by radio-activity is quite reassuring. Bacteria and lower organisms 
generally are far more resistant to radiation than we are, and work gener- 
ally indicates that the concentration of radio-activity needs to be several 
powers of 10 greater than life-time tolerances before they are affected at 
all. The possibility that such conditions will ever prevail in this country 
is very remote indeed and need not be considered further now. 


On the question of the effect of purification processes on radio-active 


constituents no general conclusion can be stated; there are so many 
possibilities. The active constituents may be phosphorus, iodine, or gold 


from hospitals, the numerous fission products from atomic piles, and 
miscellaneous isotopes from research and industrial establishments. The | 


behaviour of all these will not be the same, and will be influenced by the 


type of liquid in which they are carried, whether it is a purely domestic — 


sewage or one highly charged with trade wastes, or whether it is a soft 
moorland water or a hard river water. Nevertheless, the following general 
considerations assist in predicting what will happen. The first is that 
active and inactive isotopes of an element are chemically identical, and 
if present in the same chemical form they will behave in the same way 
during chemical or biological treatment. Thus, any radio-active calcium 
salt will behave in an identical manner to the inactive salt and will not 
be removable by any treatment short of complete softening. The second 
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consideration is that in the extremely minute concentrations in which 
radio-active substances are normally present, adsorption on chemical or 
biological flocs becomes an important factor, particularly of elements of 
higher valency. By employing these means, contamination with elements 
which are normally quite absent from water-supplies may prove readily 
removable. 

The work we have referred to on sewage treatment was published in a 
Paper by E. H. Belcher,! read before the Institute of Sewage Purification 
in June, 1951. It dealt with active iodine and active phosphorus, which 
are very widely used for therapeutic purposes, and with others selected in 
the hope of including elements with a wide variety of behaviour. Very 
little active material of any kind settled out during primary sedimentation, 
the sludge having little adsorptive capacity. During biological treatment, 
however, both by percolating filters and by activated sludge, a high 
percentage of cobalt suifered adsorption from the effluent and it is known 
that the same is true of yttrium. A good deal of phosphorus enters the 
secondary sludge, though some of it is released to the effluent at a later 
stage. Radio-sodium, radio-bromine, and radio-iodine were generally not 
greatly adsorbed, but passed forward with the effluent. These findings 
are in accord with expectations on the considerations mentioned above. 

The work on water-treatment processes in this country is being carried 
out by the Water Pollution Research Laboratory and it would be unfair 
to them to anticipate publication. It may be said, however, that floccula- 
tion with alum or ferric salts, as expected, does not remove the monovalent 
elements iodine, caesium, and presumably others to a significant extent. 
On the other hand, phosphorus and yttrium are easily removed. An 
interesting finding with slow sand filters is that certain elements may be 
held back in the biological film and released at a later date. This is not in 
itself purification, but it will have the same effect if the isotope is short- 
_ lived, for it allows decay to take place. It may prove possible in the case 
of some elements to modify existing water-treatment processes so as to 
deal with them effectively. For instance, a suitable precipitant may be 
added to the water prior to flocculation and the subsequent floc will then 
enmesh the particles of insoluble active salt and remove them from the 
water. Such processes may have to be adopted in certain circumstances, 
but their scope is limited by the facts that normal purification must not 
be disturbed in any way, that the reagents must themselves be non-toxic 
at the concentrations used, and that the quantities of water requiring 
treatment are so vast. It would be quite impracticable, for instance, to 
adopt a process depending for its efficient operation on a pH of 11. 

* These limitations are much less severe when smaller volumes are in 
question as, for instance, with effluents before discharge from an 


z Experimental Studies on the Fate of Radio-active Materials in Sewage Treat- 
ment’ J. Inst. Sew. Purn, Part 3, 1951. 
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- establishment. Here the pH can be varied to suit the process, provided it — 


is adjusted again later, and the choice of reagents is wider. The problem 
is simply one in chemistry and it is not difficult to devise means for removing 
activity due to most elements. Besides precipitants, the use of ion-exchange 
methods may also be feasible and in some cases distillation may be 
resorted to. 

One point which must not be lost sight of is that no method of purifica- 


tion actually destroys radio-activity. There is no known method of doing © 


so except by allowing it to decay at its natural rate. All that purification 
does is to concentrate the activity in a small volume of liquid or sludge, 
leaving the treated water relatively free from it. 

This brings into prominence the question of the safety of sludges and 
the related question of the build-up of active slimes and deposits in sewers. 
There is a certain amount of information on these points, but much more 
can often be gained by calculation. May we illustrate this in relation to 
phosphorus and sewage sludge ? 

No one eats or drinks sewage sludge, and active phosphorus does not 
give out gamma rays, so that there is no danger in simply being near the 
sludge. What can happen is that the sludge can be used as a fertilizer 
and the crop grown on it eaten by man. Would this constitute a danger ? 
Let us assume a sewage loaded up with active phosphorus to the life-time 
tolerance figure for drinking water. The reason for that assumption will 
be apparent later. The sewage will, of course, contain inactive phosphorus, 
as all sewages do, and a concentration of it of 10 parts per million is 
reasonable. Part of both types of phosphorus will be retained in the sludge ; 
on the principle of pessimistic assumptions let us suppose that all of it 
goes with the sludge. The sludge is then used as a fertilizer, and let us 
assume that the crop gets all its phosphorus from the sludge. Now there 
will be a time interval between the arrival of the phosphorus at the sewage 
works and the eating of the crop, and this can hardly be less than 6 
months. In many cases it is, of course, more than 6 months before the 
sludge leaves the works, though sometimes it is less. During that 6 
months the activity will decay by half every 14 days, for that is the half- 
life of active phosphorus. Now assume that a man eats nothing else but 
food grown on this sludge for a. year. This is carrying pessimism to 
absurdity, of course, but let that pass. Now calculate how much active 


phosphorus he would ingest. The answer is only one-fortieth of the 
quantity he would take in drinking water loaded to the life-time tolerance 


level for beta emitters other than strontium and calcium. We may, I 
think, conclude that there is no danger in the sludge. Many possibilities 
can be covered by calculations such as this. sf 

We must now return to the problem of the control of active effluents. 


It is solved by the application of two principles. The first is that, apart 


from natural radio-activity, which has always been with us, there can be 
no more activity in a river than is discharged into it. This enables us to 


ON PUBLIC HEALTH ENGINEERING SERVICES 293 


turn our attention from the river itself to the effluents discharged into it, 
which, being much smaller in volume, will be more concentrated. The 
increased activity is easier to determine and at the same time makes a 
certain amount of analysis of active elements not impracticable. The 
second principle is that to which we have given the name of “ pessimistic 
assumption,” which in this respect means that all activity which cannot 
be proved not to be dangerous must be assumed to be dangerous. 

Let us illustrate by reference to the discharge from the Atomic Energy 
Research Establishment at Harwell. There the problem was in its most 
acute form, because, A.E,R.E. being a research establishment, the effluent 
can be a very complicated mixture and the River Thames, to which the 
effluent is discharged, must be maintained safe for drinking by millions 
of people. Maximum concentrations of different kinds of activity have 
already been given and it has been pointed out that these are mutually 
exclusive; that is, if one class is present-in a given proportion of its 
maximum the others must be correspondingly reduced. A formula was 
derived to take this into account quantitatively. A mean value for the 
flow of the river at the discharge point was ascertained and an allowance 
made to cover possible active discharges previously made into it.- From 
these an overall monthly figure was calculated and Harwell undertook 
not to exceed it. Hach batch of effluent is analysed for activity. If 
strontium and calcium are not separately determined, then all the beta 
activity 1s assumed to be due to these elements. If these elements are 
separately estimated by a method we know cannot underestimate them, 
then these elements are assessed separately and the remaining beta activity 
assessed against the higher tolerance level of concentration—that for 
other beta emitters. Duplicate samples of all discharges are retained for 
checking by this Ministry’s radiochemical inspector who also has authority 
to take samples for himself at any time and without notice. 

We have not given all the details in this brief account, but it can be 
said that discharges have been made over a period of nearly 4 years 
and that it has been shown that they can be adequately controlled and 
supervised. 

We must now turn to the very many other effluents containing activity 
_ which are not so controlled and supervised: iodine 131, phosphorus 32, 

and smaller quantities of other elements from hospitals. Naturally these 
eventually find their way into sewers. Radio-active elements are also used 
by various establishments for research purposes and some of these, at 
_ least, will be discarded into the drains after use. Yet no sewage authority 
samples its sewage regularly for activity determinations; indeed, the 
provision of apparatus and staff at sewage works for such a purpose can 
hardly be contemplated with present financial and manpower shortages. 
_ Do we know that these are safe; and if so, how ? we 

Once again we apply the two principles, with the first one modified. 
Instead of saying that a river cannot contain more activity than is put 
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into it, we say that a sewage cannot contain more activity than that which 
enters the district which produces it. Radio-active isotopes are not made 
in many places; the suppliers are Harwell and its associated establish- 
ments. A record is kept of all shipments and their destinations and every 
month we receive a copy of the record. We are then in a position to 
know how much activity, and what sort, is used in every sewerage area 
and to calculate the relationship between the activity and the volume of 
sewage. So long as we know that, on the average, the sewage of a district 
cannot be contaminated up to life-time drinking-water tolerance level we 
feel that there is no threat to safety and that no further control is justifiable. 
There are, you will note, two considerable safety factors in this attitude. 
The first one is that much radio-active decay might take place both before 
disposal and later in the river, and the second is that sewage, even treated 
sewage, is not drunk (certainly not for a life-time) without further dilution 
and further treatment. It is, however, the fact that, apart from one 
centre of population, the amount of activity now being supplied is not 
sufficient to contaminate any area’s sewage to drinking-water standard. 
In that exceptional case much of the activity is very short-lived and the 
stream to which the sewage is discharged is not used at all as a source of 
drinking water. 

How long this situation will be maintained we cannot tell. The use 
of radio-activity is on the increase and dangers at present non-existent may 
become real and have to be dealt with. In some, perhaps many, cases it 
would be unreasonable to insist on drinking-water standard in sewage. 
For the London sewage, for instance, some other less stringent standard 
would be sufficient. But whatever the standard there must in every case 
be a proper limit beyond which waste radio-activity should not be disposed 
of to sewers, or to a river; and the same applies to other methods of 
disposal we have not considered to-night. Control will be necessary. 

It is at this point that we must mention the Radio-active Substances 
Act, 1948. By virtue of Section 5 of the Act, a Minister may make regu- 
lations for the purpose, amongst other things, of securing a safe disposal 
of waste radio-active substances, and a breach of the Regulations is an 
offence. 

The Act leaves the appropriate Minister undefined and it will require 
an Order in Council before we know who he is. Presumably no regulations 
will be made until after that. A good deal of thought is being given to the — 
type of regulation which would be most suitable, which would at the same — 
time safeguard all interests and yet not hinder the development of proper 
and profitable use of radio-activity. We hope, however, that we have — 
made it plain that at the present time, so far a8 sewage and water are 
concerned, there is no urgent necessity for regulations. How long this 
state of affairs will last we shall not attempt to forecast. 
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CORRESPONDENCE 


On a Paper published in 
Proceedings Part III, April 1952 


Public Health Paper No. 4 


““ Some Problems in the Disposal of Industrial Effluents and 
Domestic Wastes ’’ + 
by 
John Thornton Calvert, M.A., M.1.C.E., 
and 
Peter Maurice Amcotts, A.M.I.C.E. 


Correspondence 


Mr A. W. Shilston observed that open sludge-drying beds had been 
installed in the sewage-disposal scheme at Crawley New Town. Such a 
method of drying sludge was undoubtedly inefficient and Mr Shilston 
wondered if consideration had been given to alternative methods of sludge 
drying. 

Whilst the majority of engineers who had had dealings with sewage 
disposal matters agreed that the use of open beds was obsolescent, many 
held the view that it was still the most economical method available and 
more modern methods were not justified. 

At Crawley it might be inferred from the Authors’ remarks that, owing 
to the need for maintaining high standards of purity in the watercourses, 
it was necessary for sludge beds to be of impermeable construction, and not 
to permit foul liquors to penetrate into the subsoil. It would follow that 
they were fairly expensive to construct. In addition, the Authors had 
stated that sludge-drying beds had been provided on the basis of 1 square 
_ yard of bed for every six persons. Mr Shilston suggested that on that 
basis the beds would be of insufficient capacity and that a figure of 1 square 
yard per three persons would have been more realistic. Taking those 
factors into account it might be that, in comparing the cost of constructing 
and operating sludge beds on the revised basis, with corresponding figures 
for more modern methods of drying, the differences would not have been 
great. A rather obvious, but nevertheless significant disadvantage of 
adequate-capacity sludge beds was the necessity of sterilizing a large area 
of land in accommodating the beds. 


+ Proc. Instn Civ. Engrs, Part III, vol. 1, p. 141 (Apr. 1952). 
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Although not specifically mentioned in the Paper, Mr Shilston assumed 
from the drawings that the digesters contained internal heating coils for 


raising the temperature of the sludge. Did the Authors consider such a — 


system preferable to the use of external heat exchangers ? 

Whilst realizing that constructional details were somewhat outside the 

scope of the Paper, Mr Shilston asked what special precautions had been 

_taken in the construction of circular concrete tanks to lessen the effects of 
shrinkage and what approximate length of panels had been employed 
during the placing of the concrete walls. 

Mr R. F. B. Gaudin referred to the Authors’ statement regarding 
the importance of research in “ the problem of the return of sewage or 
sewage sludge to the land as a fertilizer, which assumes greater importance 
with the dwindling food resources of the world.” 


At the end of the 19th century, domestic sanitary arrangements fre- 


quently consisted of a shed at the end of the garden containing a seat with 
a pit beneath. Such an arrangement was not confined to working-class 
dwellings, nor was it very exceptional. The pit was emptied from time 
to time and the contents found their way to the garden as an ingredient 
of compost ; frequently no other form of fertilizer was used. The people 
lived well on healthy fruit and vegetables. 

During the evolution from that kind of thing to the present, the ruling 
policy, with a few exceptions, had been to make the effluent harmless and 
safe to turn into the stream or river. It appeared to have been treated as 
a disposal of a waste without much regard as to how that waste could be 
changed to wealth. 


At present, more and more interest was being taken in methods — 


of using those wastes for the ultimate benefit of agriculture. Schemes to 
that end existed in Dumfries-shire, Edinburgh, and elsewhere but even those 
did not go far enough, for it was probable that many minerals most valuable 
to plant growth evaded capture and found their way in solution to the river 
or sea. The soil was thus progressively denuded of most valuable minerals 
in just the form required for plant life. It was a leaky tank system and 
although a leaky tank was better than none, it was not yet good 
enough. % 
__ Bearing that in mind it would doubtless be of interest to put on record 
a note on the Jersey proposals in so far as they dealt with saving the 
‘minerals which would be lost. There the effluent would be turned into a 
lagoon planted with Water Hyacinth which would absorb those minerals. 
The plants would be cut from time to time and used with seaweed, sludge 
and treated domestic wastes to form a fertilizer containing all those in- 
gredients, including trace elements, in a form acceptable to soil life, and 
through it would produce vigorous and wholesome plants. : 


Mr Gaudin believed, therefore, that there would eventually be a com- 


plete return of all organic and mineral wastes to the land and so revert to 
the principle of the “ cycle of life ”” —the principle of returning all organic 
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wastes with their associated minerals to feed and foster healthy plant 
organisms and through them healthy animals and men. 
The Authors, in reply, disagreed that open sludge-drying beds were 


inefficient except in the use of land to which Mr Shilston had referred. 


Consideration had been given to other methods of sludge dewatering but 
in the Authors’ view it was uneconomical to employ expensive chemicals 
and power to remove water when nature would achieve the same result by 
the natural process of evaporation. At very large works the land or labour 
required might be beyond the local resources, necessitating the use of 
mechanical dewatering, and also when dealing with large populations the 
cost of mechanical processes compared more favourably with drying beds. 

The Authors preferred external heat exchangers to internal heating 
coils, and at Crawley the former method was being adopted. Two digestion 
tanks and a consolidaticn tank were to be constructed in the extensions to 
the works to be undertaken in the near future and the sludge heaters and 
circulating pumps would be housed in an extension to the power-house 
building. The drawings incorporated in the Paper were preliminary lay-out 
drawings, not intended to show details. 

The Authors agreed that the effects of shrinkage in concrete tanks were 


- sometimes troublesome, but in the case of the circular settlement tanks, 


which were 60 feet in diameter, no special precautions had been taken in 
placing the concrete walls. Half the circumference had been placed in one 
operation and no contraction cracks had been observed. 

The Authors were interested to read Mr Gaudin’s account of the Jersey 
proposals and agreed that the recovery of the fertilizer value of sewage 
was very desirable so long as it could be attained in a reasonable space and 
without nuisance. They would, however, deprecate the return to the old 


: sewage farm in spite of the fact that it had achieved that object. 
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